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I KNOW not of any work profeſſedly 
written on Diſtortions of the Spine, with a 
view of inveſti gating the ſtate of mechani- 
cal defect, and of aſcertaining the maximum 
of relief which may be derived from ritt. — 
cial contrivances. 
Gliſſon, in his Treatiſe on Hicke, hs 

though he attributes diſtortion to the action 

of a peculiar kind of virus, yet he adopted 
a mode of extenſion, by ſwinging a child on 
an eſcarþolette + an infant cannot ſuffer ſuch 
a ſuſpenſion for more than a quarter of an 
hour, a time too ſhort to afford the leaſt re- 
Z lief. Heiſter ſuppoſed that a diſtortion might 
be removed by means of a continual preſ- 
ſure; with this view he firſt made uſe of a 
back board. It requires but little knowledge 
of mechanics to demonſtrate the incfficacy 
of ſuch a mode, and ſill leſs knowled ge of 


35 EP, phyfialogy, 


Ee . ; 


* 


„ „ 
phyſiology, to Point out the . impro- 


priety of ſuch an application: ſome in- 
ſtances are recorded where the moſt excru- 


ciating tortures have been inflicted when this 


* * 


method has been carried to a greater extent; 


the caſe of Madame de Montmorenci is il- 
Iuſtrative of this. Dr. Ronchin thought of 


4 reducing the diſtortion of her ſpine by 


means of a violent preſſure; we can no longer 
wonder at the mode of his treatment, when 
we read his proximate cauſe of the diſeaſe. 
Ine luxation dt deux vertebres far un 


e catarrſᷣ tomb du ceroeau fur Pepine.” 


When the celebrated M ayou and Petit had 
obſerved that the moſt rational method of 
affording: relief was to take off the weight 
of the head and of the ſuperior parts, ſome 


attention was paid to the conſtruction of 
machines conducive to ſuch an effect. 


In the fourth volume of the Memoirs of 
the Royal Academy of Surgery of Paris, 
p. 60g, there is a ſhort Eſſay de la coubure 
de Vepine, where an inſtrument is propoſed 
to take off the weight of the head, con- 
ſtructed in a ſimilar manner with the ſpinal 
Suchines which are made uſe of by Mr. 
'L . endeavoured to 

Prove, | 


P 1 
prove, u pon . that are not Ca 


ef \ 17 


ſpeculative, that the relief afforded by ab- 


ſtracting the weight of the head is propor- 
_ tionally {mall to what js requiſite, and few 


there are who can ſubmit to the continued 


uncomfortable preſſure of ſuch a machine ; 


the deſtruction of all motion of the head, 
andthe interruption to the circulation through. 
the temporal veſſels, increaſe the languid 


ſtate peculiar to rachitic conſtitutions, and 
ultimately aggravate that d . it : 
was intended to relieve. 


We ſhould endeavour to remove the while _ . 


bearing on the weakened portion, by ſup- 


porting that point where the united powers 


of the corpoxeal maſs tend. This point, 
uſually known by the name of centre of | 
_ gravity, varies in its poſition according to 
the ſtate of diſtortion, to the aſcertain- 


. of _ 18 the principal n ue. 


"Tothis point the © centre of ſa os; our 
inſtr uments ſhould be applied, and ſuch 
may eaſily be effected without producing the 
leaſt uncomforta 


1. but alſo inviſible to e 


a2 e 


ale ſenſation, and be perma- i 
nently worn with not only caſe any the ** 5 


3 


vir * 


It does not appear that there 4 is ever the c 


. 1 neceſſity, in any caſe of diſtortion, of 
Controlling the head by the application of 


inſtruments, which, in the generality of 
| caſes, injure more than they aſſiſt. It is not 
merely the diſtortion. to be conſidered, all 
circumſtances relative to the conſtitution 
| ſhould. be maturely inveſtigated; not only 
the aſcertainment of the deficiency of ſup- 
port from the ſtate of incurvation, to regu- 
late the power of our inſtrument, alſo of 


the cauſe _ whence the diſeaſe _ have N 


ori 8 
How empirical would our e be if 
our treatment ſhould be uniformly the ſame, 
whether the diſtortion is conſtitutional, or. 
ariſing from any e b er or ex- 
ternal violence. - 

Such we find is the cuſs by celinguiſhing 5 
: this important branch of ſurgery to thoſe 
who, from their purſuits, cannot be expected 
to have any idea of the animal ceconomy ; 


the ſame formed inſtrument is indiſcrimi- : 


nately. uſed, whatever may be the nature of 
the diſtortion; no reſpect is paid to the ſtate 
of the conſtitution; the robuſt and the deli- 


Fa: are treated mk the 1 is acted on 
Uke 


- 


like a piece of iron, as if it it be by m- 
mered and tempered at will. i 
Why this ſurgical department ſhould 110 | 
A peculiarly fallen into the hands of mecha- 
nics, may in ſome reſpects be owing to the 
abſurd practice of ſome profeſſional charac- 
ters. Thus in the Orthopedia of Dr. An- 
dry, we find recommended the placing the 
child's back on a large loaf, quite hot from 
the oven, and the cruſt removed, and there 
to remain till the loaf cools; this repeated © 
every morning for nine times, - and „% i 
is produced the prognoſis is good. 
Such magic remedies as theſe eight be ad- 8 
miſſible in the elegant Latin poems of the 
 Padotrophia of Scevole de Sainte Marthe, 
or the Callipedia of Claude Quillet. 
In a voluminous work, profeſſedly writ- 
ten on diſtortions by one of the firſt Pariſian 
practitioners, what can we think of princi . 
7 on which ſuch practice is founded? _ 
Jo thoſe who have paid ſome attention to 
: mechanical purſuits, I ſubmit the following RS 
Eſſay; if in any part I ſhould not have ex- = 
preſſed my ſentiments with that perſpicuity 
which is neceſſary, I ſhould deem any per- 
ſonal reference an honour, and ſhould be 


6»„ 


* » 


5 1 5 * = | 
happy in ſubmitting to any one's RE 
tion the conſtruction of thoſe inſtruments 
which I have, and which appear to me re- 
concileable to the ſubſequent theory. 99 — 
I ̃huhe Eſſay on the Motive Power of ani: 
. mals would have been more correct, had 3 
gonſulted Mr. Coleman, the ingenious Pro. 
feſſor of the Veterinary College, whoſe 
friendly liberality J have heretofore experi- 
enced, and from whole extenſive informa. 
tion 1 might have Hires canliderable ad- 
Mntage. 
The Eſſays on the Senſes _- the * | 
ties of Matter are the outlines of what 1 
| have lately preſumed to give in my Lectures 
on Experimental Philoſophy ; they were ar- 
ranged for the Student, and for ſuch are now 
publiſhed ; they were drawn up with a view 
of removing any ſcepticiſm which might 
be founded on any ſuppoſed fallaciouſneſs of 
the ſenſes, or on the ideal powers on which 
Might be imagin d ai zends * eKiſtence of 
Matter. „ Seq ä 
b the, ſtudy of 
philoſophy ſhould any ways be facilitated, 
if by any explanations I have attempted the 
e Principles mould be eaſier 
„„ + — 


FRO: Vf. et 
Some ts; which to me appear new, 
1 ſubmit with the utmoſt deference to the 
Public; if they are probably right, their 
candour will admit them; if they are erro- 
neous, their corrections will be "RAY . 
: attended tc to. 


reſpect to the Wen of ſo many notes, 95 
will, I hope, be excuſed, as it is only for 
the young philoſopher I now write, and for 
whom I have ſtudiouſly embraced every op- 
portunity of attempting to explain any cir- 
cumſtance, whether directly or 8 
connected with my ſubjece. 
To Mr. J. Parkinſon I feel myſelf peckili 
arly indebted for the aſſiſtance which his in- 
comparable Muſeum has afforded me. If I 
might preſume to diCtate to the Student in 
Philoſophy, I wouldearneſtly recommend him 
to devote a portion of his time to a minute 
examination of the valuable collection in the 
Leverian Muſeum; there he would ſee Na- 
ture in her beſt attire, her moſt valuable 


i productions diſplayed to the greateſt advan- 


tage 3 what he reads, he would here find ex- 
23 5 * 2 | Rs | | emplified; 


a. 


1 * 
5 | 
: * 


. 
4 emplified ; 1 whatever TITTY of N "ION" 


8 Philoſophy may be more peculiarly his ob- 
ject, he would here meet with every * 


trative ſpecimen, | 15 | 1 


8 


N. B. For the ee of stu- 


dents, Mr. Parkinſon, the preſent Proprie- 
tor, has reduced the ſubſcription to Two 


Guineas for half a year, for which time any 
perſon- may daily viſit the Muſeum, and 


remain there as long as it is agreeable, If a 
Student ſhould devote an hour or two daily 
in examining the ſpecimens illuſtrative of 
his ſtudies, at the expiration of fix months 


he would be convinced of the value of his 


acquiſition, 


— 


AN 


i 


SPINE. 


By the $pine 3 is meant that chain of bones which 
follow one another, without interruption, from 


the os occipitis, or the hinder part of the head, 

along the poſterior part of the body, forming a 

1 of ſupport to the animal machine. 
The bones which form the Spine are uſually 


known by the name of Vertebræ “, thus called, 


becauſe on theſe the ſeveral motions of bens trunk 
of our bodies are performed. 

The Spine | ſomewhat reſembles two nit" 
. joined in a common baſe. It is not, 


however, ſtraight, but ſerpentine in its direction, 


and is commonly divided into true and falſe ver- 
n, I the e 1 1 0 the 8 5 755 py- 


. #; 
TH E& 


11 Wusebes is detived from wverto, to iO Ds 


vertehratifqze orbiculatim offbus flexilis—Phn, 11. 37. 


| | 
onal” 1 8 B 1 ramid, 


1 OS «< 23 . 
ramid; which has its baſe below, while the falle 
vertebræ make the ſhorter lower pyramid, ond 
| baſe is above. 2 c 
The true vertebræ are che twenty-four upper 
bones of the Spine: : as On theſe the motions of 
the trunk ſolely depend, they alone will be the 
: fubjett of inveſtigation of this little Eſſay. 
The vertebræ, conſtituting ſo many different 
; joints, muſt in their reſpeQive motions move the 
ſuperincumbent maſs, the weight neceſſarily in- 
creaſing on each vertebra the nearer it is ſituated | 
to the baſe. Fr 
When, from any corftitutional affeftions or lo- 
cat injury, the curvature of the Spine becomes 
altered, what at firſt was but a ſlight derangement, 
yet diſproportionate to the weight it ought to 
bear, gradually gives way to the ſuperincumbent ; 
preſſure, and e en, an extenſive 
diſtortioun. 5 5 
In its earlier bag a er to incurvation 
may in general be remedicd, although this is rarely 
the caſe when in a more advanced period; a pre- 
vention of its increaſe becomes an aA of con- 
ſideration. | 3 
This Effay is only 1 to examine wh 
aid artificial contrivances may afford, and to en- 
deavour to aſcertain, on pure mechanical. prin- 
ciples, how far we may approximate the admira- 
bly-regulated ſupport of the different vertebre'in 
their natural ſtate of rang that we may give 


1 3 Z ; ROW 


5 >; 


Brongith 0 chat part which is affelted, and yet 15 

terrupt no corporeal motions; that our mechani- 
cal contrivances be as ſimple and light as poſſible, 
neither inconvenient from their weight, nor trou- 
bleſome from their preſſure. 954 . 

In the firſt point of view we ſhall 1 the 
Spike: as a pillar of ſupport, diveſted of powers of 
life, and ſubje& to ſuch laws as are reducible to 
the principles of mechanies. The Spine not hav- 
ing thus been conſidered, is the reaſon why the 
machines hitherto made uſe of are inadequate to 
the produQtion of any good effeft.. We find the 
| ſame ill-contrived braces or collars applied alike 
in every caſe, whether the n ve wt wa 
neck, the back, or the loin. : 
In an inveſtigation of any. echter inliru- 
ment, whoſe power we wiſh to aſcertain, that point 
which tends to the centre of the earth, with the 
united forces of all the gravitating particles of that 
inſtrument, muſt previouſly be determined. This 
common point is called the. Centre of Gravity. 
If the ſame body varies in its figure, the Centre 
of Gravity varies in its poſition alſo: ſo with the 
Spine, the Centre of Gravity is regulated by the 
| ſtate of incurvation. As it is- to this point all the 

powers tend, it is here alſo our W Dons: be 
r wh ; 
By fuch a mode of . we may cies 
| that great practical deductions may be made; that 
1 pur n may not be uncertain or vague, but 
Tore WY. | e 


C3 


Jedueidle. from incontrovertible principles; an 
our powers of relief may be gente hecquls _ 
may be more certain. 

In the firſt place, I 1 ſhall 9 to point out. 
tho admirable properties. of the natural-formed 
Spine, to ſhew the convenience of its curvilinear 
form, although in ſome reſpe&s there appears a 
diminution of ſtrength, and to evince that great 
extent of motion derived from the vertebral 
Portions. 6 85 : 

As in my enquiries 33 Fe nes lane of 
J I ſhall have frequent occaſion to make 
uſe of the terms Centres of Gravity, and of Per- 
cuſſion, it may not be deemed improper to previe 
ouſly explain what are meant hy theſe terms, aa 
_ this little Eſſay may fall into the hands of thoſe 
whoſe avocations may not admit of __m ene - 
0 mos! Tm | 


CENTRE oF GRAVITY. 


? IN iter; we 8 is one common poly | 

| which tends: to the centre of the earth, with the 
IEF forces of all the gravitating particles which 

> that body, which point is called its 


Centre of Gravity; and that line which this point 
would deſcribe in falling towards the earth is : 
_.. called the line of direction, and always perpen- 


ae to the ma n in every building, 
however 


70,” (3). 


however inclined; when. the line of. diteion falls 
within its baſe, it is neceſſarily ſupported; as is 
the caſe with the inclined tower at Bologna. In 
a ſphere, the Centre of Gravity is the centre of 
the body itſelf, becauſe round this paint, if ſuſ- 
pended, the whole would revolve; the ſpherical 
portion of one fide not preponderating that on the 
other, the whole would be in equilibrio. | 
In an homogeneous cylindrical body the Centre 
of Gravity is neceſſarily placed in the middle of 
the axis; in a cone, the centre is in the axis, 
8 ee 0 its OP from _ Ws 


Wy | CENTRE « or PERCUSSION. 
\ BY the Centre of Percuſſion i is urs e cen. 
tre of the ſtriking or percuſſive power of a body. 
When a body is thrown into motion, ſuppoſing, 
at the inſtant ſuch motion is communicated, the * 
body is divided into many equal portions, each | 
portion would acquire a momentum in ratio of its 
_ diſtance from the centre of motion; ſo that one 
portion, fituated at double the diſtance of another, 
would have donble momentum; for being re- 
moved as far again from the centre of motion as 
the other, its velocity, or the ſpace through which 
it would move in the ſame time, wonld be double; 
and as this, multiplied by the quantity of matter, 
expreſſes the momentum, the momenta of the dif. 


ferent 


£ k ; , 
3 y 8 - x * 
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ferent portions will neceſſarily | be in me ratio of 
"their diſtances | 


By conſidering the logs: as 1 : 5 


we find each has a greater percuſſive force as it 
is more remote from the centre. In a walking- 5 
Rick, in giving a blow therewith, the centre of 
motion is in the hand: we are very ſenſible. that 
the part of the ſtick more remote from the hand 
is more powerful in a percuſſive or ſtriking effect 
than the part contiguous to the hand. As every 
particle of the ſtick is in a ſtate of mechanical 
union, thę ſeveral powers of the reſpeRive partions, 
all united, will conſtitute; of the whole ſtick, one 
: compound force, that will be the maximum at ſome 
point between the extremes, i. e. if we conſider 
the flick as cylindrical, the Centre of Percuſſion 
will be two-thirds of its length from the hand: if, 
like the Spine, of a conical taper, then the centre 
will be nearer the hand. Thus it will appear that 
the Centre of Percuſſion, in a moving body, is 
that point which, if acting againſt an immoveable 
obſtacle, the motion of the body would be de- 
ſtroyed. If the percuſſive forces on each ſide of 
the centre were not equal, the one ſide not being 
counteracted by an equivalent force, the ſuperior 
power would continue to. move forwards after the 
ſtroke, ſo that the motion of the whole rod would 
not be ſpent upon the obſtacle. When ve find 
| the momenta of all the different portions are reci- 
ears as their diſtances from any e N 


Mi: 


7 dug all thelw! forces- are concentrated in tthat 
point, which is called the Centre of Percuſſion: 
It may, perhaps, be neceſſary to obſerve, that 
with vibrating bodies the Centre of Percuſſion 
arid the Centre of Oſcillation are one and the | 
ſame; the Centre of: Oſcillation, in a moving 
pendulous body, being that point where, if a 
corpuſcle were ſuſpended, it would vibrate che | 
lame time as the body does. 
It has been alteady obſetved,” tag: the Cebit . 
of Percuſſion, in any even homogeneous body, is 
two-thirds of its length remote from the point about 
which it moves: ſo we find in a pendulum 21 
vibrates ſeconds, being 39-2 inches long, 
iſochronal to the vibration of any ſtraight iba 
rod, whether ſquare or round, whoſe length is 58-8 
inches, viz. the former being only two-thirds of 
the length of the latter: as in many bodies 
*entres of Oſcillation and Pereuſſion do not 
"coincide, they cannot be indiſcriminately ufed. 7 
That we may aſcertain the ratio of the ſtreſs 
but a perpendicular and an inclined pillar, 
it may not be improper previouſly to ſhew what 
ſupport an horizantal portion would bear; as this 
cannot be known till the Centres of Gravity and 
Percuſſion are given, thela. muſt re be 
found. — 
In the e ABCDEF. put AB = : &, 
x nd, the area of the circle B EFG = b. and 
Wr = #, the diſtance of, the Centre of Gravity 
Rn We, 3 from 


% # 


(4) 


W A, 4 3, will expreſs the E0ontents- of 
that portion of the cylinder AN M and 
r „ b the content of the remaining por- 


tion. As the Centre of Gravity has equal quan- 


tities of matter on each fide ab = 43-32 
% S 3a, ſo that L 1 men Se 
= half A B. 8 | 


Eo 


| TD ASCERTAIN THE CENTRE or 


PERCUSSION. 
Cw AB ide the 8 ae 


EF = 2 ap, then 4 apx*, the fluxion of the 
weights, this multiplied by the length or velo« 
city, will give I apxx* = the momenta, the fluxion 


of the forces = = 1 aps* a", whoſe fluent 5 div. 


ded by the moments 2. with give 2 n 
AB for the cemre of force from the axis A. 7 5 
Theſe being premiſed, let us put g = the 


| Centre of e 2920 L the Centre of Per- 
8 E a 


Suppoſing 46. is a i Unitabecels begien, 24 e 


Ie are ordinates parallel to the baſe, and infl. 


nitely near each other. Suppoling ac r. be 
= 5 . „„ If this 
cylinder be ſupported by a block at AC Dr and 


added upen by a weight at D W, ſo as to break 
15 & 8 evident chat the ſeparation 


muſt 


F i 


4 = 


18% , 


hl ff take 1 at the point a, N in 1 


fufible body 1s preciſely that point of expanſion, 


at which it would become fluid by heat) and the 


nearer the fibres are 1 bc, the leſs they are 
ated on: 8 8 - and of all the fibres in 


bon in the whole ſeddion, equal to the ſum of 


all the = % e |, let g and g expreſs the diſtances 


of the Centre o Percuſſion, and Centre of 
Gravity from c g the axis of 'motion; therefore 


the ſum of all the Xx e ef = © x abc, there- 
fore the firength of the dende Ut a= wa X ERG. 


If we ſuppoſe the length 1 I, then 


2 — £7 x ERG will Pe the reſiſtance 


25 
when 3 in direction of its length; i. e. ſup- 


poſing the tibia to be an inch in diameter, and a 
foot long, if ſupported at both ends, and goolb. 
would break it, when applied lepgihvays, it 
would require 2700lb. 


N. B. In the former part it ny 1 the 
pillar was ſupported, in an horizontal poſition, 


only by a block at one end: if ſupported on 
both ends, and the weight breaks it in the mid- 
dle, the axis of motion will then be on the up- 
per ſide, and from this the Centres of Gravity 


and Percuſſion muſt be meaſured, as the un- 


der part in this poſition is put to the ſtretch: 


in \ this caſe we muſt divide it into two Cy= 


- 0 


2 * and che ſum of all the 


838 . linder, 


5 Po 10 2 
linders, therefore 1 muſt be uken for half the 


: length, and . * ERG br half the reſiſtance. % 


t, appears "that a cylinder of this ſize will i 
ſupport perpendicularly nine times more than i "0 
will horizontally ; not that this is an univerſal 
ratio in every length of cylinders, for they may be 
of ſuch a length as not to ſupport their own weight, 
as the ſtreſs increaſes in a greater ratio than the 
ſtrength. It is this circumſtance that limits the 
magnitude of bones, and conſequently a limit to 
the ſize of animals: when the ſize of animals is di- 
miniſhed, their ſtrength is not diminiſhed in the 
ſame proportion. We ſee a dog will carry more 
than its own weight, which a horſe could not do. 
It is upon this principle, is eaſily explained thai 
mechanical paradox, where a part ſhall be ſtronger 
than the whole: a piece of wood, in the form of a 
triangular priſm, a portion being cut away parallel 
to the baſe, the remaining part will be ſtronger than 
the whole. 
* As the Spine is of a polygonal form, having 
two convexities, the ſtreſs upon any particular 
vertebrz will be as the coſine of elevation: ſup- 
poſing AB to repreſent the Spine, with the cur- 
vature AE EB, if AC be conſidered as the 
Sb, Hes _ abſciſſa, 


5 Quod ad en e ea ad | equilibrium fngularum * 
que partium uſus apta eſt. 
Nam à facro lumbi primum in priora ſurgentes, curvantes 

; que ſe Tn, mox . in Poſteriora modice inclinant, 
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ſinu ; 
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-biclts, dc and a f vil be bs as being per- | 
pendicular to the abſciſſa, the greateſt ordinate 
to the curve AE is de, being about the fixth | 
cervical vertebra, and of the arch BE, ab, is the 
greateſt about the third lumbar vertebra. At E 
the ordinate is nothing, as it there touches the 
abſciſſa; the ſtreſs on that point is the ſame as if 
the bearing had been perpendicular: now as ab 
is ſituated g+ inches from AC, and AB being 18 
inches, the preſſure at A acts not in the direction 
Ac, but in the courſe AC: hence the ſtreſs upon 
c will be as the length of the lever dc; and at ö, 
the ſtreſs will be expreſſed by ab, as ab is 3 in. 
and d 6 12 in. the ſtreſs at b to that at c will be 
as 14: 5. If we put E a = m = 10 inches ab 
Sun ii in. then Vn + T = E I, ſup-. 
poſing from the former calculation "his will bear 
9 times more perpendicular than horizontal, we 


- 


ſhall have /. + w.: 229 Fr. a. 97. 


that is, the Spine, if . throughout, 
would bear near three times more weight than it 
will in conſequence of this curvature; at c the 


ſinu curvamnis eas in partes directo: eoque thoracem ſuſtinent 
commodius; neque ſurgenti eorum in priora curvamini obſtant ea, 
quæ in ventre repoſita ſunt. Inde ad dorſum retrorſum inclinans, 
leviter à ſummo inflexa eſt curvaminis ſinu directo in priora. 
Ac ſic conveniens eſt ad formam capacitatis thoracis: qui ex co 


etiam in priora nimium non inclinat. A dorſo ſurſum in priora 8 
cervix tendit, modice reflexa recteque caput ſuſtinens, in Prioi a 
quaſi pendulum, 5 Albin de Ratione Spine. . 


WA pPreſſure 
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prefſure will Up as 3 again as if perpendicular, | 
for 14:5: : 2.97 : 1 nearly. 

If the curvatures of all natural-formed Spines 
had been preciſely the ſame, it might then have 
been neceſſary to have more accurately aſcer- 


tained the points of inflection and retrogreſſion, 
and which are eaſily determined in any ſerpentine 
curve; as rarely two Spines exactly agree, it 
becomes unneceſſary to be minutely particular. 
Nor indeed is it of any material conſequence 
whether the admeaſurements here aſſumed are 
very exatt, as the deductions will be nearly the 
ſame. | 
Here then would appear a ee in che 
form of the Spine; it would appear that great 
ſtrength was ſacrificed in ſuch a deviation from a 
perpendicular column: ſuppoſing the ſpine was 
ſtraight, and divided into the ſame vertebral ; 
diviſions or joints as at preſent, in almoſt every 
motion of the human body the deflection from 
the perpendicular would be greater. In thoſe 
poſitions where Rrength is more peculiarly re- 
quired it would become proportionally weakened; 
| the ſame as is daily ſeen in the conſtruction of 
| carriage wheels, the ſpokes or radii are not made 
to be preſſed upon perpendicularly in their com- 
mon motions, but incline towards the horizon, 
known by the term diſhing; that in a caſe of 
| neceſſity, when the carriage inclines more on one 
| fide, as this inclines the radi or ſpokes become 
4 es 1 : more 
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tionate manner, loſe of their curvature, and ap- 


_ tionally augmented. 
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more perpendicular, and more enabled to b bear 


the requiſite preſſure; independent of this, the | 5 FW 


motion of the body required could not be di- 
vided among all the vertebræ; if ſo, they muſt 
aſſume a; curvilinear form, and conſequently the 


body much contratted, but the joint of any fingle 
vertebra would not admit of any extenſive mo- 


tion, without endangering the medulla ſpinalis. 
From the beauteous form of its double curvature 


1t preſerves nearly an uniformity of ſtrength, 
admits of thoſe motory changes, without being 


ſubject to any inconvenience, © Thus, viewing the 


Spine poſteriorly, we ſhall find that by inclining 


our head backwards, ſo that the cervical vertebræ 
bend within, the dorſal vertebræ, in a propor- 


proach nearer the perpendicular: here then are 


great advantages derived from contrary flexures ' 
admitting of motion every way without any dimi= 


nution in length: although by ſuch an inclination 
the ſtreſs on the cervical vertebre is increaſed, 
yet the power of ſupport in the dorſal i is propor- 


Having thus endeavoured to point out the great 


2 advantages that are attendant { on the form of the na- 


tural Spine, I ſhall now attempt to ſhew the 


equally good effetts that ariſe from its articulatory | 
diviſions, 5 


Had the Spine been one lid curvilinear pillar, . 
only having powers of motions at each extremity, 
4% 5 : 1. Co 
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i. e. the atlas or libericr vi 19 one, and 
the inferior lumbar the other if ſuch were the 
caſe, we fhould have been debarred of thoſe 
gentle declinations, thoſe little motions we are 
every moment making uſe of; for in every change 
of poſture the whole abdominal and thoracic maſs | 

> to which it is attached would undergo an exten- 
five change of place. In our gentle inclination 

forwards, we ſhould not have that accommodating 
curvature of the dorſal vertebræ, but the whole 
-maſs muſt have been unwieldly moved. If the 
column had been divided into two or three arti- 
culations, then the whole motion of the Spine 
would have been divided amongſt them, and con- 
ſequently in each would have been too great for 
the nervous contents. It is obſerved that each 
vertebra will allow of the motion of about one- 
eighth of an inch, without compreſſing in the leaſt 
the ſpinal marrow, If there had been only three 
vertebræ, the greateſt motion the Spine would have 
admitted would have been leſs than one inch; as the 
diviſions are greater, the ſame little motion to each 
in the accumulated ſum will be extenſive, ſuppoſing 
the Spine 24 inches long, the inferior lumbar is 
two inches long; if this vertebra moves one- 
eighth of an inch, with reſpett to its joint, it will 
cauſe a motion in the atlas in the ratio of their 
diſtances from the centre, viz. 2:24: B 14 
viz. one inch and a half; the ſecond lumbar ver- 
tebra being two inches from 1 its centre of motion, 
which 


. 
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| which is 22 from the atlas, then 2: 22: 25 


— one inch 2; the third lumbar J is 1.8 


inch from its centre; then 1.8: 2 414: o 


thus proceeding with every W according 
to its length, we ſhall find the atlas, wich reſpe&t 
to the loweſt lumbar, will have a motion of near 

24 inches, with the motion of ; from the latter. 
- It has already . been remarked, that . every 
change of incurvation of the Spine muſt occaſion 


a ſimilar change in the Centre of Gravity. As 


this is the point where the centre of action of our 


inſtruments ſhould be applied, the aſcertainment 
of this becomes an object of great neceſſity. 
The Spine will till be regarded as an uncon- 
need pillar of ſupport, as perfectly abſtracted 
from any other . of the body to * it is 
attached. 

Suppoling AB to be the Spine.” as the vertebræ 
have nearly a regular gradation, it will be more 


ſimple to ſele& thoſe that are at the points of 


inflection and retrogreſſion, the Centre of Gravity, 
of which will neceſſarily be the Centre of 1 
of the whole. 


If CD be a plane perpendieular to the 3 


and D E perpendicular to CD, and to the re- 


- 


ſpective vertebræ, the ordinates ab, cd, ef, gh, 


j, be drawn perpendicular to C D, and the lines 
8 al, ek, cn, gm, j n, perpendicular to DE, then 


we ſhall have — . . wilt aſ- 


«+7 4. VET7 


certain 


„ x 
tds due diſtance of the point, or Centre 3 


Gravity, from the plane CD, and — 2% + 2m o et 


E 447 1 the diſtance from the plane DE, 


In order to facilitate any calculation. which 


may be made of the powers of any of the verte- 


bræ, I have formed a table of eight columns, i in 


| which the meaſures, extent of motion, and ſtrength, 
are particulariſed. The firſt column ſpecifies the 


vertebræ; the ſecond, the correſponding width of 


each vertebra; the. third column the breadth. 
It will be obferved, that the breadth of three cer- 
vical vertebrz is omitted, as they are ſo thin as to 
be mere ſhells; I have calculated their propor- 
tionate maſs, which is added to the aggregate ſum. 
_ The column ſpecifying the extent of motion ſig- 
© nifies the extent of motion of each vertebra, when 
a general motion of the whole takes place on the 
laſt lumbar vertebra. The gehe two e are 
taken from Borcllus. 
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The Mracuzns of the VIATIIRA are as s follows, by 
a Scale of 2 to an Lach. 1 
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If we take the ratio. * of the vertebræ we ſhall 
have a = 1, c=1,c=2, 42 2.7, j 3, and the 
length of the Spine AB = 24-545 inches, ob = 4 

an inch, ed = = 12, = Is gh = — 4 11 2.5, 
al 26: cl 23, ek = 19, gm S g in. and 
In a in. then the Centre of Gravity will be 2.27 
inches diſtant from the plane CD, and 11.3 3 from 
| "the plane DE. Having thus the Centre of Gravity 
> of the whole, and regarding the abdomen and tho- 
rax as preſſing upon that lumbar vertebra immedi- 
"ately on the ſacrum, the attion on this vertebra will 
be as half its diameter is to the diſtance between 
its centre and the Centre of Gravity, ſo the weight 
of the ſuperior part of the body is to the aQtion 
on this vertebra. In a common-fized man, the 
_ thorax and abdomen, with the contents, weigh 
60 lib. the head and neck 15 lib. ; a weight of 75 
lib. this vertebra has to remove: the diſtance 
between it and the Centre of Gravity is 9.2 
inches; the half diameter is 1.45 inches. Hence 
then, as before, 1.45: :9.2::-75 : 475.8, viz. 
475-8 lib.: is = to the ſtrefs on this lumbar ver- 
tebra: the ſum of the depths of the five lumbar _ 
vertebræ is 7.49 inches, and of the dorſal 13.83; 
ſuppofing the weight of the body, if cut'in 
ſektions of the vertebræ, are as the depths, then 
32 the cervical vertebræ, if we divide the whole 
weight, viz. 75 lib. into ſums of ratio = g. 2, 
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The ratio of the Vertebre means the Metis the ſolid 
contents * vertebraæ bear to each other. 
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7. 465 13. 93, will give us the proportional 
' weight on any of the vertebræ, viz. on the cer- 
vical 9.8 lib. the dorſal 42.4, and the lumbar 
22.8 lib. as the head preſſes only on the cervical, 
this muſt be dedutted; at leaſt the weight of the 
head muſt be added to the cervieal in calculation 
of their ſtreſs. Any vertebra that becomes the 
centre of motion, as in gently raifing the head up, 
or declining down, the cervical vertebræ are ſolely 
in action. Suppoſing to aſcertain the ſtreſs on the 
fixth cervical, the weight above is = 22 lib. the 
Centre of Gravity, adding the weight of the head 
to the atlas, is 14 inch from the fixth ; half its 
diameter is . 878 85 1 75 :: 22 44. that 
is, this bears the preſſure A 

The prefſure on the lower lumbar 3 is 475- 8 lib. 
It ought to be obſerved, that in ſolids nearly 
of ſimilar ſhape, the ſtreſs is as the cube of the 
diameter, we halt find that IÞ the cube of the 
diameter, 3-5 : 475.8: 44 nearly ; which 
Hews that the certabils increaſe in their ſtrength 
nearly in the ratio of the ſtreſs they are to bear ®, 
or more correctly in this calculation, the welthe ; 
they are to overcome, as here we have conſidered 
the additional . of the abdominal and tho- 
racic contents. 


»* Generaliter ſenſim tenuĩores ut fuperiores, ad dorfi decimam | 
uſque. Poſt nonam ſequentibus, primeque cervicis, ſenſim 
 aliquanti.crafliores : poſt cervicis primam ſequentibus quatuor 

aliquanto, quam ei, tenuiqres, parum differentes inter ſe. His 
| £7athores ſextæ, his ſummæe. 
| "SV: Another 
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4 Another moge of procedure would be requiſite a 
if we with to aſcertain the Centre of Gravity of 
the whole body; in fact, we might regard the 
| thorax and abdomen as one ſolid, connefted tq 
t the Spine, and formed by a half revolution of 
| that curve round. its axis. Apprehenſive leſt the 
inveſtigation hitherto entered into ſhould. prove | 
too tedious, 1 Thall 1 wave for the preſent any far. 
ther conſideration, and immediately. procecd to an 
examination of thoſe prafical deduQians that thels 
e may authoriſe. 3 | 
In a diſtorted Spine, in the n 91 Mr. 
Abenethy, « of Bartholomew” 8. Hoſpital, where fixe 
inches of height are loſt by the incurvation, eight 
of the dorſal vertebræ projeft ſo as to be remote 
from the plane AB, 4 inches; the lumbar at 22, 
and the cervical vertebræ are concaye exteriorly 
Inſtead of CONVEX, an and. 1 of an inch from the 
plane: the Centre of. Gravity would be 2. 16 ; 
Inches from the plane, perpendicular to the hori- 
. zon, and 9-17. inches from the baſe, ſo that the 
Centre of Gravity here would be two inches def 
the loins than in a natural Spine. 
Suppoſing there is a collar applied to the . 
that entirely. takes off the preſſure of the head, 
| what particular advantages will there be gained? 
— It is ſurely making the moſt ample allowance, if . 
it is regarded, that by ſuch aſſiſtance the head 
ſhall be perfeQly abſtracted from the body, viz. 
15 lib.; then the abdomen ma thorax, with their 
| contents, 


T4 
contents,-yill weigh 60 lib. hence the ratio of 
the vertebræ will be the cervical 8 lib. the dorſal 
34, and the lumbar 18 lib. The preſſure on the Y 
moſt remote dorſal. vertebra, from the plane, is _ 
go lib,; and the ſtreſs on this - vertebra is as M 
much greater the ſtreſs in its natural form as its 
Kiſſance from the plane is to the ſimilar diſtance 
in the regular-ſhaped Spine, viz. 4 in.: 4, as 
"8: 1, ſo that the ftreſs is eight times more than in 
the uſual curvature. By a ſimilar mode of pro- f 
cedure, the Centre of Gravity, in every ſtate f 4 
of i incurvation, is eafily aſcertained, as well as the 3 
ſtreſs on any of the vertebræ under any peculiar = 
fituation. To aſcertain what force or power this — 
yertebra muſt exert (or which is the ſame thing, 
the actions of the muſcles and ligaments upon it)), 
when it becomes the centre of motion, it will be as 
| before, the ratio of half its diameter to the diſtance 
from the Centre of Gravity. 
It muſt then appear evident, that an inſtru- 
ment thus applied will barely take off one-third of - 
the preſſure adding on the Spine. If the diſtor- 
tion, as generally happens, ſhould be in the lum- 
bar vertebræ, the effect of ſuch an apparatus : 
would be too SO: to afford the moſt diſtant 
relief. 5 
Hitherto I have ſuppoſed the inſtrument, or 
collar, to entirely take off the ſuperincumbent 
preſſure, without ſubjecting the patient to any 
inconvenience: when we refle& on the violent 
preſſure 


n K 
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| preſſure that is made on the temples, Chen that 
1 interruption is given to the circulation in the tem- 
poral arteries, it can no longer be wondered: at 
thoſe violent head-aches which are induced, that 
renders the uſe of them for more than an hour 
or two inſupportable: and ſurely no good effect 
can be expected from fuch, where a permanent 
- plication is fo impracticable. It would be 
abſard to expett, that either from theſe, or the 
{wing chairs ſo comparatively momentarily uſed, 
+ that a tendency to a diſtortion could be removed, 
dr even prevented in its. increaſe. Hence no 
good effe& can poſſibly arife by the application 
of inftruments, where only for a ſhort time the 
preſſure of the head can be removed, and which 
even when accompliſhed is fo inconſiderable a 
part, that the benefit muſt be trivial. As in 
general, complaints of this nature are connected 
with a ſtate of debility, all powers of reſtoration 
are bere checked by that motion being deſtroyed 
neceſſary for an invigorating circulation. The 
head is kept in a fixed pillory-like poſture. Still 
worſe are the conſequences attendant on braces, 
akting violently on a weakened column, or a 
debilitated Spine, ſo powerfully preſſing on the 
vertebræ, as in many caſes to have induced a 
lumbar abſceſs: indeed this mode of practice is 
not much remote from that of a ſurgeon, told us 
_ by Kerkringius, who attempted by violence to 
=_— Free. back a diſtortion of the vertebre, and thus 
: bs | | car i 
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inflicted excruciating tortures on the ſuffering 
female, ignorantly imagining it was a luxation, © | 

As I have thus preſumed to cenſure the prin- 
cCiples of thoſe inſtruments at preſent uſed, I will 
_ curſorily ſuggeſt the conſtruction of ſuch as are 
agreeable to the theory here laid down. 
Suppoſing I am applied to in a caſe of diſtortion [ 
of the lower dorſal vertebræ. To merely take off 


the preſſure of the head, the relief would be in- 


conſiderable; although the collar is ſupported on 

the ſtays, yet ultimately there is the ſame degree 

of preſſure on the dorſal vertebræ : whatever 
weight may be ſupported by the cotlar, the re- 
action of the ſupporting inſtruments is always f 
equal. In the conſtruttion of an inſtrument ve 
ſhould be careful that the ſuperincumbent weight 


on the diſeaſed part of the Spine ſhould be per- 


fectly removed, and that there ſhould be no c- 
tion of the inſtrument ſuperior to the Centre f 
Gravity of the Spine. By ſupporting chat point 


Wich has a tendency to deſcend towards the 


earth, we ſupport the whole ſyſtem. From what 
has been previoully obſerved, the aſcertainment 
of this point, in every ſtate of diſtortion, is no- _ 
ways difficult; and for want of this attention is 
entirely owing the improper inſtruments that are 
at preſent adopted. This may forcibly be illuſ- 
trated by analogy. If a garden wall ſhould be in 
ſuch a ſtate as to require ſupport, ſhould we not 
be . in our 3 of ſuch ſupport by 

the 
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ot ( 
the poſition of the wekened: part. if the wall 
— | bulges ſuperiorly, in the middle, or towards the 
3 foundation, we ſhould not, in all theſe cireum- 
” AMftances, make uſe of the ſame ſupport. The ex. 
perienced architect will immediately aſcertain that 
* point where there is the greateſt ſtreſs, and apply 
his ſupport accordingly. Thus we ought to act 
with regard to the Spine, and not in every caſe of 
diſtortion uſe one and the ſame inſtrument. 
F | I hope I ſhall hereafter have an opportunity of 
= giving repreſentations of the different inſtruments 
5 that I may experience the moſt beneficial; I am 
fully aware what difficulties there are to encounter 
in attempting to reconcile practice to theory; yet 
hope I ſhall never be ſo much warped by the 
latter as to prevent me adopting every improve= 
$ ment that may occur to me in the former. 
_ After this little attempt of an examination of 
# the aid that can be afforded by mechanical con- 
 trivances, it may not be improper to make a 
few obſervations on the different cauſes that may 
Induce diſeaſe of the vertebræ, and which mon 
neceſſarily influence our practice. 7 
The vertebre frequently become diſeaſed by 
ulcerations originating within themſelves, or in 
the neighbouring parts, or in conſequence of any 
permanent preſſure from the coagula of an aneu- 
riſm, or from the influence of external violence, 
As in general a patient experiences at firſt a con- 


kderable 1 ſome months before any ap- 
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parent alteration of the Spine, we ought theti ts 
be active in diminiſhing every internal inflamma«. 
tion, and in taking off the. ſuperineumbent 
preſſure. Thus we may probably prevent any 
ulceration, or the formation of any lumbar abſceſs*, 
as well as any increaſe of ineurvation. 5 
As in general a diſtortion of the Spine is . 
ob and gradual in its progreſs, and the ineur- | 
vation lateral, more frequently occurring t6 
children under ten years of age, that ſeems to. 
ariſe from an imperfect oſſification: as we know 
that the haſis of bones is formed by the union of 
the phoſphoric acid with animal calcareous earth,; 
hence it has been conjectured by ſome that there 
| might be a deficiency of calcareous matter, as it 
is obſerved in ſuch conſtitutions that there is a 
conſiderable more earthy depoſit in the urine; 
and this in e to the deſtruktion 1 the 
ſolids. | 
It has farther been ſuppoſed, that luch tech 
ons ariſe from a defect of phoſphoric acid, and 
conſequently its exhibition might prove beneficial : 
the ſame as has been thought by ſome to be the 
cauſe of the formation of the human calculi, which 
are found more ſoluble in 8 Os acid than 
in any other. . . f 


? 


vide Abenethy's ry, replete with accurate aud 4d judicious 8 
obſervations, | | 
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In We Memoirs of the National Society of 
Medicine at Paris, Monſ. Bonhomme has pro- 
poſed another theory, replete with great inge- 
nuity: the experiments, as well as obſervations, 

upon which the author grounds his inferences, 
preſent to view matters of fa, ſufficiently re- 
marzkable to afford a preſumption that new ex- 
periments will confirm their truth. He ſuppoſes 
© that the nature of the rachitic diſorder ariſes, on : 
the one hand, from the developement of an acid 
approaching in its properties to the vegetable, 
particularly the oxalic; and on the Ns from 
the defeft of phoſphoric acid. | 
Hle endeavours to prove, that the calcareous 
phoſphate i is wanting in the bones of thoſe who 
are diſordered with rachitis, and that the deve- 
lopement of the oxalic acid is che cauſe of this 
alteration. _ 
In this. reſpect he is affiſted by an FER] made ; 
by Halle, and which is inſerted in the ſeventeenth 
= volume of the Annales de Chemie. N 
| Upon theſe principles he endeavours to deacon 
: of the utility that ariſes from the topical appli- 
13 Kation of alkaline lotions, and the internal uſe of 
2 x - _ Calcareous phoſphate, whether alone or combined 
—_--. with the phoſphate of ſoda: ſuch he ſays will 
=_ powerfully contribute to reſtore the natural pra- 
E 1 portions in the ſubſtance of the bones, es ac- 
eelerate od cure e of rachitis, 


oe 
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It ought to be oblaceed, the auer modeſtly : 
| e his ideas in this reſpekt, merely a as con- 
jectures approaching to the truth. | : 
He ſeems to have no ather proof of the 1 
ence of this oxalic acid than from there appear- 
ing in ſuch children a want of bile, which corrects 
the diſpoſition to aceſcence, and for want of 
which they are neceſſarily developed, diſturb the 
circulation, and attack and ſoften the bones. 
When, however, it does appear that a diſtor- 
tion originates from an imperfect oſſification; 
when, from want of its earthy ſupport, the Spine, 
unable to bear the ſuperincumbent preſſure, bends. 
from its uſual courſe, and becomes unnaturally 
incurvated, then every mode of treatment that 
can reſtore tone to the ſyſtem, that can invigorate 
the ſinking frame, or ſtrengthen the debilitated 
foundation, ſhould be adopted : - even if it be 
granted that ſuch is occaſioned by the union of 
the calcareous animal matter, and phoſphoric acid, 
being deſtroyed, it appears to me difficult to 
conceive how the exhibition of either the one or 
the ather can tend to its reſtoration. The ope- 
rations of vital parts are not reducible to chemical 
laws; their functions are not explicable on the 
doctrine of gaſes, por are their principles to be 
determined by the retort or the crucible. Che- 
miſtry, as a ſcience, is great and valuable; by it 


A SY ö 


the ſimple operations of matter may be developed, 


ond their yarious ſtates of combinations unfalded. 
EA f When ; 
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| When by "TY the laws of that principle le, which 0 
come not under the definition of matter, are at- 
tempted to be explained, then the fallibility f 
this ſcience is evinced. I am apprehenſive that 
ſuch endeavours may ultimately involve this noble 
branch of philoſophy into diſgrace, and again re- 


turn us to the Paracelſian period, when it was 


imagined by this eccentric experimentaliſt that 
religion was a combination of ſalt and ſulphur. 


Thus it 1s I have but little hopes that the exhi- 


bition of phoſphoric acid could any way tend to 


remove the defect of it in the conſtitution. I 


ſhould prefer rouſing the languid ſyſtem into a 


ſtate of healthy action by the moſt generous 
liquids and nutritious. ſolids; to give that ſtimulus 


to the powers of life, that the ſecretions may be 
healthy and vigorous: then, and not till then, the 
arterial ramification will depoſit the proper offific 
matter. In general it is obſerved, that ſuch in- 


curvations are peculiar to children, where there is 


reaſon to ſuppoſe ſuch an enlargement of the me- 
ſentric glands as to prevent the chyle entering the 


thoracic duct: thus there is a greater quantity of 


ſolids removed than what is ſupplied, The bones 


forming cavities, containing the viſcera, not having 


their loſs renewed, undergo great changes: the 


ribs, inſtead of forming an arch, gradually bend 


inwards, inſtead of being curved, are flattened 
laterally, and conſequently more prominent an- 
ere. in ſuch a caſe all our . would be 
„ 
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* vain till theſe obſt rubtions are removed; x 
gentle mercurial doſes, ſea-bathing, animal food 
and- wine, frequently will PD the moſt 1 
eo ot. 
When, however, 8 48 not appear n 
| au it probably may ariſe from thoſe veſſels that 
uſually depoſit this offific matter not being in 4 
proper ſtate of dilatation. I his 1s obſervable in 
the offific progreſs that takes place i in the union of 
fractured bones; an inflammation is then ne- 
ceſſarily induced proper for the vaſcular dilata- 
tion. When thoſe veſſels that are unaccuſtomed 
to the tranſmiſſion of red blood, when from any 
rticular cauſe the red globules are impelled 
therein, and ſtimulate them to that aRion called 
inflammation, not only is there found an increaſe 
of offific ſubſtance on the outſide of the bone, if 
long continued, the cancellated interſtices ſo re- 
plete as to render the bone as ſolid as ivory. 
Theſe obſeryations I have preſumed to ſubmit. 
to the public, with a view of preventing thoſe in- 
juries that ſo generally enſue from ill-contrived 
braces, and other formed inſtruments, applied by 
| thoſe who can haye no knowledge of the laws of 
the animal ceconomy. In caſes where ſuch an ac- 
5 quiſition i is requiſite, where the theory of mecha- 
nics ſhould be combined with ſome phyfiological 
information, where the benefit of exterior ſupport 
ſhould be united with proper interior treatment, 
that while aſſiſtance is derived from the former, 
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the conſtitution ſhould be firengthened 5 the 
latter : in ſuch an important branch, where more 
than common attention is requiſite, it is a pro- 
feffional opprobrium that ſuch ſhould be relin- 
quiſhed to ſtay-makers, or menial mechanics, 
whoſe knowledge it cannot be expected can be 

much more than the ſewing of dimity, or the 
ſcraping of whalebone. In my opinion applica, _ 
tions ta perſons of this deſcription, in caſes of this 
pature, are equally abſurd as a man ta requeſt 
any of the royal —— to make him a pair of 


breche 


| CHA 1. II. 0 


o THE MOTIVE POWERS or 
ANIMALS. 


1 perpetua naturæ „ ut agat minimo labore, mediis * 
modis ſimpliciſſimis, facillimis, certis & tutis, evitandg 
quam maxime fieri poteſt, incommoditates & prolixitates. 

Ir is not here preſumed, upon the principles of 

mechanics, to aſcertain the velocity of any ani- 

mal, for in ſuch, powers are concerned that come 
not within the ſcope of calculation. All that is 
here attempted is to aſcertain the maximum of 
extent that any animal, by any N en 

can cover. { 4 

It is here Pe TY that the motion of an 

animal is regulated by the different angles the 

joints are capable of performing, but the repe- 
| tition of ſuch motions which conſtitute the velocity 
is ſo dependant on the powers of the muſcles, and 
conſequently vital . as not to be reducible 
JOE: number, | | 


To 


tak 


To the aſcertainment of this, Borellus ſeems not 
to have devoted his ſuperior abilities, although he 
has given us five propoſitions De Inceſſu Qua- 
drupedum, and twelve De Saltu: his enquiries 
went no further than to calculate the powers of | 
- , muſcles in every different poſition. | 
Neither in the works of the Duke of Newcaſtle, 
Bellinger, or Bourgelat, although profeſſedly writ- 
ten on horſes, has any attention been paid to 
- » this. In an Eſſay by Monſieur St. Bel (on the 
motive powers of Eclipſe), late profeſſor of the 
Veterinary College, there ſeems a ſomething like 
a confuſed attempt. Confuſed, 1 ſay, becauſe I 
verily think the compoſer. of ſuch a work could 
never have wiſhed its being peruſed by any one 
me leaſt converſant PE the e of me- 
chanics. . | 
In the firſt we, Monfieur $t. Bel has: ens 
deayoured to prove that the flexions and exten= . 
ſions of the joints of the fore parts are preciſely 
equal 40 thoſe behind, viz. the. ſum of the mo- 
tions of the anterior articulations equal to 360% 
and fo of the poſterior. Then he ſays, by 
examining the length and direction of his legs, 
© and the greatneſs and openneſs of the angles, 
v formed by the alternate diſpoſition of the bones 
* which compoſe his extremities, pronounce with 
«the greateſt probability that Eclipſe, free of all 
i weight, could cover an extent of twenty-five 
* feet; that he Could: n this action 2; times 
«6 in 
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* i each ied; and an abu b run 
« four miles in the e on " minutes wild two 
« ſeconds.” 

Where ws as duck 1 aids e ins 
| ferences are made? I ſee no grounds for ſuch 
deduttions; no other foundation, than that the 
author has heard Eclipſe could cover ſuch an ex- 
tent of ground, and that he could run four miles 
in fix minutes two ſeconds: hence it was very caly 
to aſcertain the number of exertions in any par- 
ticular time, as it was only dividing the ſpace ran 


5 through by the extent covered at once. \ 


For what ' purpoſe the diſplay of accuracy 
of admeaſurement, and the envelopement of 
b Eclipſe in circles, I know not, unleſs the in- 
genious writer thought of eſtabliſhing his fame by 
a a pompous attempt under the en ee of 
geometrx TE 
Parts of this Eſſay merit ſome attention, as far 
as regard the proportions of Eclipſe; and would 
have been more valuable, had the angles of 
extenſion and flexion been diſtinguiſhed, I am 
apprehenſive that in this point there has not been 
a perfect degree of accuracy, that it has been 
fancied pleaſing, that the ſums of the various cir- 
cular portions the joints deſcribe ſhould ante- 
riorly, as well as poſteriorly, form complete revo- 
lutions, and as ſuch impreſs a curſory obſerver 
with an idea of extenſive beauty in their forma- 
tion: with ſuch a view a little truth appears to me 
eas oy „ 
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to have hoe: ſacrificed; in this apinion I {cet 
E . | myſelf ſomewhat more confirmed from the ad. 
E meaſurements I have taken of Eclipſe, by the 
| Q permiſſion of the gentleman in whoſe poſſeſſion 
be is. It might at firſt appear, that an equality 
exiſting between the motive powers of the joints 
of the anterior and poſterior parts was abſolutely 
trequiſite; ſo with propriety it might be thought, 
nad there been a conſonance in the lengths of the 
5 different limbs, and of the angles in which they 
naturally are: as theſe vary conſiderably, they 
never could have ultimately coincided, unleſs 
. __  - there was a correſponding variation in their 
EEE angles; this will be evidenced by the following 
1 table : 9 
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FORE PARTS, 


Scapula meaſured from 


its Spine, without the | 


Cartilage = = = 


8 


— 


in Inches. 
ö | | 


HIND PARTS, 
Spine of the Ileum to | 
the Acetabulum 


Femur = < +. = 


| 2 
Humerus 11 5 | 
: 1 Patella V 
Cubitus, d m m $5 fo <7 ; 
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The Spine of the Scapula from the fore feet 


meaſures 54 inches, ſo that 584 — 54.= 4+ inches 


loſt by the curvature of the fore legs: from the 


acetabulum to the hind. feet is 53 inches, ſo that 


"ER : 


nine inches are laſt by the curvature of the hind 
legs. | Es 


In the firſt ns: I ſhall examine wha extent 


15 of ground an animal formed like Eclipſe could | 
cover with reſpect to his fore legs, ſuppoſing for 


the preſent that his hind legs had no flexible 


powers, were ſtiff ſupporting-like columns. I 
© afterwards ſhall attempt to inveſtigate what powers 
are derived from the formation of the poſterior 


parts, regarding the fore legs as inflexible pillars. 


By this method of proceeding, I flatter myſelf, 
by ſeparately aſcertaining their powers, the effect 
Which would ariſe from their united efforts 9 | 
ceafily be determined. 


The ſcapula in quadrupeds polleſſes a degree of 


motion round its centre much greater than in the 
human ſpecies, or thoſe animals who uſe their fore 


feet like hands, and conſequently have a Claviclo, 


which horſes, dogs, &c. have not. 


Thus it is, that the muſcles appertaining to the 


ſcapula have different attachments in theſe dif- 


ferent animals; as in the human ſpecies the tra- 
berius ariſes from the occipital bone backwards, 


while in horſes it originates from all the ligamentum 


coll; which is below the riſe of the levator humeri 


Ede gat, : in . n are two elevatory 
9 7 | muſcles 


8 5 


tar 


5 muſcles of the os: levator: n and levator 
minor. 
Thus en oy a FAD the 95 0 oh 
a motion round its centre, in its greateſt extent, 
of 20 degrees, and is inclined to a plane perpen- 
dicular to the horizon in an angle of 30 degrees: : 
when. the leg 1s extended, the angle wall be 50˙ 
5 with the plane. 
T be angle the humerus forms with the ſcapula 5 
towards the body is 120 degrees, and is capable 
of being extended go; hence will only form an 
angle of deviation of 10? "from: the continuation of 
the ſcapula. He EN | | 

The cubitus forms an angle exteriorly, or from 
hs body, of 180 with the humerus; and in its 
extenſion can be brought 40? nearer, ſo as to form 
a right angle with that joint. The canon is 
nearly in a ſtraight line with the cubitus, and bends 
inwards, fo as to make a regular enen 
lopping, with the cubitus. - 
I be paſtern, coronet, and foot; form an angle 
of 45° with a plane perpendicular to the horizon, 
when in motion are in * ſame curvature with the 
canon. be 7 51 | £ 

A little con $deration of thefe Sn N 
vill point out many beauties in the admirable 

ſtructure of the fore limbs. We find that al · 
teration takes place in their direction, ſo as to 
poſſeſs ſtrength when ſtrength is required, and 
n of motion when FO is neceſſary. 


In 
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In the inaQtive ſtate of the horſe the limbs have 
no Other weight to bear than the mere gravity of 
the ſuperincumbent matter. When the momen- 
tum is increaſed. by the rapidity of their mo- 
tion, when they bound forwards with amazing 
ſpeed, and ſtrike the earth with a- proportionate 
degree of force, how admirably arranged are 
all the joints to ſupport the combined effects 
of action and re-aftion. The inſtant before 
the ground is preſſed by the foot, the cubitus 
relaxes of its elevatory ſtate, and falls within the 
line of curvature of the ſcapula and humerus. 
The canon and paſtern all unite, ſo as to make- 
from the centre of motion of the ſcapula a conti- 
nued kind of bony arch, except the deviation of the 
paſtern, which forms at the moment of preſſure an 
angle of 45, nearly parallel with the ſcapula, and 
conſequently the beſt calculated for bearing the 
preſſure of the body when the whole weight is 
thus thrown forwards. When this angle is greater, 
the ſtreſs muſt be greater alſo, and e 
an imperfectign of debility in the horſe. 
As then it appears that the horſe ſtrikes 4. 
ground with its fore feet in the continued degree 
of i curvature” of the ſcapula and humerus, the 
angle formed with the plane perpendicular to 
© the Horizon, will neceſſarily be the fine of the 
Exient of ground, in this point of conſideration, the 
ammal will cover: as the vertical angle is 50's | 


te chthetus 54 inches, the baſe-will be 67 inches, 
oh £ . and 
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and which i is the ground the. horſe ah cover, 
ſuppoling the poſterior columns or legs have no 


| powers of flexions; ſimilar to a man being thrown 
forwards, the ground he would compaſs would be 
regulated by the extenſion of the arms. 


ON THE MOTIVE: POWERS OF THE 
HIND LEGS. 


It has 3 ee chat the hind legs 
in no reſpe& correſpond to the fore; every ar- 
ticulation is not only different in length, alſo 
differently inclined to each other: if there was 
that coincidence Monſieur St. Bel has aſſerted, 
there would be great irregularity of motion. In 
the firſt place, the ilium is inclined to the perpen- 
dicular to the horizon, in an angle of go", while 
the ſcapula only inclines 300. The femur forms 
an angle towards the body with the ilium of 1200. 
The tibia forms poſteriorly, or from the body, an 


angle of 120' with the femur. The calcaneum, 


or hock, an angle of 40 with the femur, and 
conſequently the canon, an angle of 140? towards 
the body, with the tibia and the paſtern, and 30 
degrees from a line perpendicular to the horizon. 
It is ſaid that Eclipſe's hind legs were ſome- 
times more forward than the anterior limbs: this 
appears improbable, that the hind feet ſhould 
ever advance beyond the line of direktion, which 


8 


4 


1 is Gtaated: 27 inches from che nn mbs, 
| being the line as paſſes through the Centre of 
. _- Gravity of the animal to the centre of the earth, 
111 will eafily be ſeen what will be the ſitua- 
tion of the limb the inſtant before the motion 
of the body: the curve deſcribed by the hind 
legs will neceſſarily be reverſe to that delineated 
by the fore; it will in the former caſe be concave 
towards the horſe, while in the latter it is convex. 
The meaſure of this curve will be from that point 


where the curve terminates by the extenſion of 
the legs behind. The femur can bend eee 2 
towards the body go degrees, and poſteriorly 20% 
The tibia can bend backwards 60 or 70 "hee 3 
its anterior motion is not more than 200, in conſe- 
quence of being reſtrained by the patella. The 
canon will admit of 400 flexion forwards, in ſome 
reſpects is checked by the tarfal bones, and 
poſteriorly will only allow of go? OHIO” in con- 

ſequence of the calcaneum. ng: N 
From the above ſtatement it muſt de evident 

| that the poſterior articulations can never fall in 
che fame uniform curve as the anterior; on this 
account they are neceſſarily made much ſtronger: 
tlie extenſor muſcles which att upon the calcancum | 
are removed farther from the centre of motion, 
and conſequently act with increafed power. The 

| horſe, previous to his progreſſive exertion, brings 


"wv tibia ä 205 and the canon 40 degrees; 
& e int 3 
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of the earth where the line of direQion falls, to 


- © ) 
theſe Aion will wha the foot to the point « of di- 


55 b rection, which falls in the middle betyeen the cen- 


tre of motion of the ſcapula and the acetabulum 
theſe being from each other 43 inches, ſo that the 
line of direction is 214 inches from each. The 
angle that will be formed by the centre of motion 


5 of the acetabulum, with the point of direction, and 


a line perpendicular to the horizon, and paſſing 


= through the acetabulum, will be 33 degree. 
From the acetabulum to the ground being 54 
inches, in this flexion the horfe muſt fink con- 


ſiderably, as the canon is much more bent than 


what the tibia is ſtraightened, ſo the perpendicular 75 


height is conſiderably leſs; this is eaſily aſcer- 
tained, and by the additional bending of the 
paſtern, ſo that the diſtance between the aceta- 


bulum, and the point of the ground cut by 3 


line of direttion, is not more than 30 inches, 
This is the meaſure of the hypothenuſe, and 214 


being that of the baſe, then 50 — 21 = to 


the ſquare of the perpendicular, 46 inches nearly, 


fo that the inſtant previous to the bound forwards, 


the horſe ſinks down eight inches. 


In the utmoſt ate of extenſion poſteriorly the 
humerus will decline from the perpendicular line 


10. The tibia, forming a right angle with. the 

humerus, will neceſſarily be 800 from the per- 
pendicular plane; the canon 20? poſteriorly, ſo 
that the calcaneum vill only form an angle of 20³ 


with the tibia, and conſequently an angle with 
FE een NE . 
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che plans of 6055 and the paſtern, i in the ſame line 
with the calcaneum; this will be the meaſure of 
the angle of extenſion, which, added to the angle 
formed by the acetabulum to the point the line 
of direktion cuts, will make, with this line, nearly 
a aright angle: hence then / 50 + 48} will be 
equal to the extent deſcribed by the hind feet, 
f equal to 68 inches nearly; as in the extenſion 
backwards the diſtance from the acetabulum ta 
the extremity of the paſtern is 48 inches, which is 
eafily aſcertained, as the lengths of the articula- 
tions are known, and the ORE. angles of 
flexions given. | 
It might perhaps be wk objeted, that FR 
= arch defcribed by the hind legs is a very inade- 
quate meaſure of the progreflive advance of the 
| horſe, in conſequence of ſuch a motion. Surely 
it will be granted, that if the limbs poſſeſſed no 


flexible articulations, that an animal would be 


very limited in its tranſlatory powers, therefore 
in a great meaſure muſt be regulated by theſe; 
the muſcles can by their action overcome the 


z weight by powerful contraQtions, can with great = 


force extend the limbs, and with great velocity, | 
| for a certain time, repeat their motions. - 
In]. the fore limbs it was obſerved, that the 
paſtern was parallel to the ſcapula; ſo i in the hind 
legs, when brought under the horſe's body, the 
paſtern is parallel to the femur. If there had not 
| been this Sliquity in | the Palterns, the animal 


\ ' s 


W 


| would be in continual danger of falling; in the 


firſt motion, when the feet are brought under the 


body, they are little more obhque; the line of 


direction falls within the baſe of the legs: as the 
animal riſes, the Centre of Gravity changes, the 


obliquity of the paſtern diminiſhes, yet the ground 


is preſſed by the whole foot: if there had been no 


bobliquity, the horſe, inſtead of being ſupported 


on all the baſe of the foot, would occaſionally be 


a 


thrown on the edge, and horſes thus formed are 


continually tripping. 


In the inveſtigation of the motive powers of the 


fore limbs it was deduced, that Eclipſe, without 


any aſſiſtance from his poſterior legs, could cover 


an extent of ground equal to 67 inches; and the 


"hind legs, independent of the fore, nearly 68 


inches: it appears why an animal thus formed 


ſhould have an equalized motion from a coin- 


cidence in the moving powers, and which 


could never have been the reſult of ſimilar 
extenſion in the fore and hind parts, when 


previous to the action there is ſo great a dif- 


ference. Had the hind legs poſſeſſed ſtill more 


powers, the action of the fore legs could never 


have exactly correſponded, and the motion of 


the animal would be only a ſucceſſion of jumps, 


and not a regular equalized change of place. 


The increaſe of motion, in conſequence of theſe 
being united, will be their products; ſuppoſing. 
there were only one articulation in the fore limbs, 
A&R 57,52 
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ths bind legs would "Do had an advantage © equi- 
valent to the power of the anterior joint; ſup- 
- poling 4 repreſents the power of one of the an- 
terior Joints, b the ſecond, d the. third, e the 


fourth, &c. and let þ be the whole 48 of the 
hind limb, then p X 4 + PN N 
＋ e = P X 4 +: r the 
power of the bind leg, and a + 6 + d ＋ e, the 


ſum of the powers of the fore parts: hence the 
one multiplied by the other will give 31 feet, 
the meaſure from that point where the hind feet 
were placed to where the fore feet fall, as the 
line of direction is 27 inches from the fore limbs, 
and which being dedufted from g1 feet, will 
leave 28 feet 9 inches for the maximum of ex- = 
tent of ground an animal formed like Eclipſe 


could cover: „„ | Les 


Thoſe who have e the motion of 8 
celebrated beaſt, have vell aſſured us, they have 
meaſured an extent of 25 feet he has actually 


covered. If ſo, it is not to be ſuppoſed, at that 


very inſtant, his greateſt powers were ex- 
erted; ſo that the above deduced from calcula- 


tion evinces a near coincidence of 1 with 


— 


theory. 
It has been fappoſed - 3 N the gal- 
lopping of a horſe is nothing more but a ſeries of 
ſucceſlive leaps, and as ſuch ſolely dependant 
on muſcular exertion, as the leap of a biped, and 
therefore no ways regulated by the articulations. 
5 A Baile 


t 


A little enquiry will ſuffice to 1 that in \ the | 
exertion a man makes in elevating himſelf above * 


the ground, that the joints are principally con- 
cerned, in vain would a man attempt a leap 


without previouſly having his joints in a ſtate of 


flexion i altus non fit, niſi prius articuli pedum 


infleQantur.” This we may illuſtrate after Bo- 


rellus, by the experiment of a bow; if in the 
bending of it, one end reſting on the ground, and 


the other preſſed vertically by the hand, till it has 


| acquired a conſiderable curvature; if the hand 


is ſuddenly removed, not only the bow reſumes ' 


its former ſtate, alſo leaps up in the air: ſup- 


poſing the bow 5 feet long, and uniform i in thick- 


- nels, the Centre of Gravity is neceſſarily the 


centre of the bow, viz. 21 feet from the ground: 
| when preſſed down, the Centre of Gravity is 
forced downwards to be a foot nearer the ground; | 
the re- action of the earth, when the fre 1 is 


removed, vill cauſe it proportionally to aſcend. 


Thus ina man the Centre of Gravity is in 25 | 
loins; in taking a leap, the thigh and legs are ſo 
bent, that the Centre of Gravity becomes nearer / 
the ground by the length of the thighs; the limbs 
being ſuddenly extended, by the re- action of the 


pavement, the Centre of W is cauſed to 
alCeng, and thus conſtitute a leap. 


. The leapis therefore in proportion to the length 


of the limbs, and the velocity to the ſpaces they 


move through 1 in the * time. Eh alſo a leap, 
e 
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. | "hs kind ns would hank had an advantage « equi- 
3 ; valent to the power of the anterior joint; ſup- | 
F + poling @ repreſents the power of one of the an- 
=» terior joints, b the ſecond, d the third, e the 
* 8 fourth, c. and let p be the whole ole power of the 
did | limb, then pxa + þxÞ + þ xd 
a ＋ N = N e as þ is the: 
3 power of the bind. leg, and a + © + d + e, the 
1 ſum of the powers of the fore parts: hence the 
27 one multiplied by the other will give 31 feet, - 
|. the meaſure from that point where the hind feet 
|: were placed to where the fore feet fall, as the 
*Y line of direQion is 27 inches from. the fore limbs, 
. and which being dedukted from 31 feet, will - 
1 = "leave 28 feet 9 inches for the maximum of ex- 
tient of ground an animal formed like Eclipſe 
3 4 8 could cover. | | bf 
>" Thoſe who have ak the motion of this. 
| | __ celebrated beaſt, have well aſſured us, they have 
J 5 meaſured an extent of 25 feet he has actually 
deoovered. II ſo, it is not to be ſuppoſed, at that 
E „ inſtant, his greateſt powers were ex- 
a. erted; ſo that the above deduced from calcula- 
„ evinces a near coincidence of praftice with 1 
theory. 5 


It has been ſuppoſed he: FIND the 5 
lopping of a horſe is nothing more but a ſeries of 
ſucceſſiRve leaps, and as ſuch ſolely dependant 
on muſcular exertion, as the leap of a biped, and 
therefore no . regulated by the cons. 
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A little pom will ſuffice to ew, that in FOY 


exertion a man makes in elevating himſelf above 
the ground, that the joints are principally con- 


cerned, in vain would a man attempt a leap 


without previouſly having his joints in a ſtate of 


flexion . Saltus non fit, nifi prius articuli pedum 
inflectantur. This we may illuſtrate after Bo- 
rellus, by the experiment of a bow; if in the 


— 


bending of it, one end reſting on the ground, and 
the other preſſed vertically by the hand, till it has 


acquired a conſiderable curvature; if the hand 


1 ſuddenly removed, not only the bow reſumes 


its former ſtate, alſo leaps up in the air: ſup- 


poſing the bow 5 feet long, and uniform i in thick- © 


5 nels, the Centre of Gravity is neceſſarily the 


centre of the bow, viz. 21 feet from the ground: 
when preſſed down, the Centre of Gravity is 


forced downwards to be a foot nearer the ground; | | 

the re-aQion of the earth, when the e is 
removed, vill cauſe it proportionally to aſcend. 
Thus in a man the Centre of Gravity is in as 


loins; in taking a leap, the thigh and legs are ſo 
bent, that the Centre of Gravity becomes nearer 


the ground by the-length of the thighs; the limbs 
being ſuddenly extended, by the re- action of the 
pavement, the Centre of WN is cauſed to 
IEG and thus conſtitute a leap. 1 
The leap is therefore in proportion to the length” 
of the limbs, and the velocity to the ſpaces they 
move through | in the © oe time, 1 alſo a A 
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= nebiſed " previous running, tele actions 


unite in their effects. The impetus that is ac- 


quired is no way counteracted by the neceſſary 
declination for leaping: hence co-operating, the 
reſult is greater. As men alſo can aſcend up a 


declivity by running, when it would be inaccefſi- 


2272 


IE by attempting to mount flow. 
Thus c#teris paribus, the leaps of men are in 
Ws ratio of the lengths of their limbs. With 
reſpeR to bulk, ſmaller animals can leap the far- 
theſt; a horſe can rarely riſe above 8 feet 8 
pendicular height, and a ſmall dog not 36 in 
bulk, will clear a gate of 4 feet: as Gand ob- 
ſerves, ** Quod in corporibus animalium propor- 


tionaliter decreſcentium minuitur pondus in 


« majori proportione, nempẽ duplicata reſiſtentia 
& roboris eorum: & ideo oſſa majorum ani- 
* malium craffiora fieri debebant, ut ſuo robore 


26 incrementum ponderis ſuſtentare valerent. Et 


« hinc fit, ut animalia vaſta, que corpus valdi 
e ponderoſum habent, minus vivacia, & minus | 
- . fint, quam exigua « animaha.” | 


De Motu 13 


hefe ki Und wiſh to be informed of the amazing 
power of the muſcles in a leap, may conſult Bo- 
rellus; where he has demonſtrated, that the power 
of all the muſcles united in a man weighing 150lb. 
equal to 435,000lb. of in the ratio Jo the weight 
of * man, as * Ts 

„ The 


2 a) 


The leaps of frogs, graſshoppers, crickets, fleas, 
c. depend entirely on what has already been 
obſerved, viz. the greater length of their hind 
legs with refpe& to their fore, and a ſimilar in- 


; veſtigation will eaſily aſcertain the extent of their 


leaps. 


power of leaping, without any apparent arti- 


culations; when more accurately obſerved, the 


reaſon is evident; the inſect when diſpoſed ta 
leap joins its head and tail together, contracts 
its body in a ſmall compaſs, and by a ſudden 


extenſion raiſes itſelf up to a conſiderable 


height, ſome will elevate themſelves 15 or 16 
inches; while in this proceſs, when obſerved 
| through the, microſcope, they ſeem to have a 
pover of ſecuring their tail with their mouth, 

while the body is contratted. When they are 
diſpoſed to move horizontally, they lay their 


bodies flat on the table; when perpendicularly, 


the N 18 * for the . | 
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ON THE MOTIVE POWERS or 
THE ELEPHANT. 


When we 8 an lin NY it is not 


a contemporaneous motion of all the limbs, but 


ſucceſlive MOVEINEnSs of different parts—not by 


Some inſedts, as the cheeks maggot, have great 


| Irregular 15 


when ſtarts, non ae, & rale. fed ens 
& ſtabilis. When inactive, he ſtands firm on his 


ſour legs, which ſupport him like pillars, form. 


ing a quadrilateral figure, the line of direction 5 
falling nearly within its centre; when he begins 


to move, it is with his hind leg firſt; if his left 


hind leg, his body is impelled forwards, ſo that 
the Centre of Gravity makes a proportional ad- 
vance; as ſoon as this is effected, the left fore 
foot js raiſed, and eaſily brought forwards : then 
_ the#right hind leg ſtill further impels the animal 
and afterwards the right fore leg. 
It muſt appear evident, that the elephant, 

as well as all quadrupeds, in walking, the body 
muſt be ſupported by more than two columns; yet 
ve often ſee repreſented in ſtatues and paintings 
a walking horſe, with two diametric oppolite feet 
elevated. | 
In this oils” the motive powers of the animal 
vill only be the ſum of the extent that can be 
c covered by the fore and bind legs of both ſides; 
their / motions not being ſimultaneous, the pro- 
greſſive powers of each are independent; thus un- 
influenced, the velocity will only be the reſult of 
theſe added. By the kind aſſiſtance of my friend, 
Mr. John Parkinſon, I had an opportunity in 
his valuable muſeum (the Leverian) of taking 
he admeaſurements of different animals; the ele- 
phant in his poſſeſſion meaſures 99 inches from 
wk 55 8 the 
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' the withers, and 94 from the ſhoulder ts the Wet, 2 


and from the centre of motion of the ſcapuld and 


femur to the ground, 84 inches. Theſe animals 


have very little powers of flexion in their knees, 
ſo that each limb may be regarded as a lever, 


deſcribing a ſpace proportionate to its diſtance 
from the centre of motion. -: -:- | 


Each limb appears not to poſſeſs more mo- 
tion than 30 degrees; no animal, not even 


man, deſcribes more in walking than half the 


radius, conſequently the progreſſion will be 42 


inches“ & 4 = 168 = 14 feet, the extent of 


ground the elephant will paſs over after one mo- 
tion of all his feet, being nearly twice its length : 


if theſe motions are repeated quick, they would 


be nearly equal to the gentle gallop of a horſe : 
if they move their limbs but once in a ſecond, 5 


vill be g miles in an hour. 


INS. 2 \ 


HIPPOPOTAMUS. 


This EY can only wth; as its knees are 


nearly inflexible; its motion is ſlow, from the 


limbs being ſo ſhort in, proportion to its ſize. 
In beight, is 54 e from the centre of mo- 


* Ad the radius or diftance from the centre of motion ta the i 
ground | : br: inches, and always equal to fixty degrees, conſe- 


n += == (x ee to thirty degrees, or half radius. 
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tion of the ſcapula to the fore feet, 32 . 
breadth of the foot, 6 inches; from the. aceta- 
bulum to the hind foot, 32 inches. If the angle 
of extenſion be 30?, or half radius, the ſpace paſ- 
ſed through by the motion of one foot will be 
16 inches; which multiplied by 4 = 64 inches, 
not much more than the length of the animal, 
ſuppoſing the actions of the muſcles of this and 
the elephant equal, the latter would go through 
nearly three times more ſpace than the former, 
about 3 miles and a half in an hour, while the 
elephant, by the ſame number of motions, would 
_ paſs through the ſpace of nine miles, 


GREENLAND BEAR. 

From the centre of motion of the ſcapula to 
the foot, is 24 inches; in bende 35 inches: hence, 
as above, in walking 12 * 4 48 2. 4 feet: the 
whole being moved once in a ſecond, the animal 
would walk 2.7 miles in an hour. 


- 


ELK. 


After the majeſtic walk of the elephant, and 
the flow ambulatory ſtep of the hippopotamus and 
Greenland bear, the motion of the elk, the ſwifteſt 
of animals, will come under examination: from his 


ſhoulder to his foot, the elk meafures 63 inches, ; 
and 


* 


( 51 ) | 
and to 13 Lie 40; the withers to the ground, 
6d inches; from the acetabulum to the hind feet, 
6s inches, and the calcaneum forms an angle of 
So degrees: from theſe admeaſurements, proceed- 
ing the ſame as with the horſe, the extent of 
ground this animal can cover in one bound will 
be 34 feet, nearly, if repeated as ofien as Eclipſe, 
about 55 miles 1 in an hour, 


THE Es As BIRDS IN FLYING. 


Birds, from the nature of their ſtrutture, are 
ſpecifically lighter than man or quadrupeds, and X 
ſix hundred times heavier than the fluid in which 
they float; the wonderful powers they have of 
aſcending and deſcending in a medium ſo com- 
paratively rare, ſome enquiries into the cauſe 
may not prove unintereſting. | 

The Centre of Gravity of a bird is fituated a = 
little beyond the wings, and a ſmall degree lower I 
than the point of ſuſpenſion, viz. that point which 
is the centre of a line paſſing through the attach- 
ments of the wings: if this were not ſo, the body 
would not be kept more in the poſitian of the feet 
downwards, than the feet upwards: % Conceden- 
dum eſt, quod centrum gravitatis exiſtit in ali- 

quo puncto perpendicularis ad horizontum poſito 
infra punctum ſuſpenſionis;“ the ſame as is well > 
known to be a requiſite in an accurate pair of 


| ſcales, if the centres FO motion and gravity coin- 
He ceeideqd, 


5 x 52 5 
died. the beam would remain in any given poſi- 
tian, inclined as well as horizontal, becauſe the 
centre of gravity being then the centre of motion, 
any change of direQion of the body could never 
induce any change in the centre of gravity : hence 
in birds it is neceſſary it ſhould be placed alittle be- 
low, the centre of motion, that the feet may always 
_ preſerve the downward poſition; yet not much 
lower, for power would be loſt in proportion ta 
their diſtances. It muſt neceſſarily be allowed, that 
their wings are placed in the very beſt part, to ba- 
lance their body, and to give a ſwift progreſſion; 
when they ſtrike downwards, they expand their 
wings to the greateſt breadth by the aftion of their 

large and extenſive pectoral muſcles, * Peftorales 
% muſcult hominis fleQentes humeros, parvi & 
parum carnoſi ſunt, non æquant zoam aut 70am 
1 partem omnium muſculorum hominis. E con- 
* tra in avibus, peQorales muſculi vaſtiſſimi ſunt, 
« & æquant, imo excedunt, & magis pendent, 
* quam reliqui omnes muſculi ejuſdem avis 


* 


e ſimul ſumpti. Borell. 


When the ſtroke is over, the bird does not 
return his wings in the ſame expanded ſtate; if ſo, 
the action and re- action would deſtroy each other; 
they are contrafted, and ſo inclined, that their 
edges only are expoſed to the atrial reſiſtance, 
and which muſt be comparatively ſmall. If the 
bird be diſpoſed t to turn his courle ta the left, he 

| 1 ſtrikes 


e | 
ſtrikes the air with a proportionate greater force 
with the right wing; when he wants to riſe, his 
tail is raiſed upwards, in order to diminiſh the re- 
ſiſtance, and to fall, it is depreſſed. Willoughby, 
Ray, and many other phyſiologiſts, imagined, that 
the tail was a kind of rudder, to ſteer and turn 
the body in the air, Borellus, however, ſuppoſes, 
that it is more to aſſiſt i in aſcents and deſcents, and 
to obviate the yaſcillations of the body . Non 
* negabo tamen, quod cauda in avibus revend 
* uſum & facultatem temonis exerceat, ſed dico 
« quod inſerviat ad flectendum curſum volantes | 
it ſurſum & deorſum.” 

In this calculation we will take the largeſt of 
the hawk kind, viz. the Cuntur of Peru, erro- 
neouſly called by the Spaniards Condor, ſuppoſed 
to he the Roc of the Arabian Nights. The fine 
one in the Leverian Muſeum meaſures 15 feet 
from end to end of the wings, in weight about 
60 pounds. It has been obſerved by Emerſon 
and others, that birds of this claſs will fly more 
than one thouſand feet in a minute of time, about 
17 feet in a ſecond of time. It muſt evidently 


Inſects that have not the advantage of a tail, and are bi- 
pennated, have poiſes joined to the body under the hinder part 
of their wings ſuch as have four wings, or wings with elytra, 
have none, ſuch as ſcarabs and ſtaphilini of all ſorts. N 

The that has a very ſhort tail, its head and long neck 
would overbalance the hinder part of the body; — their lon g legs 
are tia in gd to —— the whole. 


appear, 


. . ) 
appear, that whe portion of air each wing akts 
againſt will be a ſegment of ſphere, whoſe radius 
is the length of the wing: each wing moves in 
general through one-fourth of a circle; if the 
body of the animal is 14 foot in diameter, then 


the extent of each wing will be — = 6. 75 
feet; as both paſs through the "el ſpace, the 
_ atrial maſs they act againſt muſt be equal to 
balf a ſphere, whoſe radius is 6.75 feet. If a = 
| 13. 5, the diameter of the ſphere 7854 = b, the 
area of a circle whoſe diameter is unit, then we 


2 U 
ſhall have 3 1 to the ſum of ſolid 


contents of theſe 8 ſegments. As the ſolidity 
of a ſphere is well known to be equal to the 
ſurface multiplied into one-third of the radius, 
and the ſurface four times the area of a great 
circle, the whole being diyided, will be half the 
ſphere = to the ſolid contents of the two ſeg- 
ments, equal to 644 cubic feet; a cubic foot of 


air weighs near 12-ounces; ſo that 644 feet will 


weigh 483 lb. It is already obſerved, that the 
bird moves about 17 feet in a ſecond of time; 
the force with which the air will a& againſt a 
body in ſuch a motion will be meaſured by 
that ſpace through which' a body muſt fall to 
acquire this velocity, It is eafily demon- 
ſtrated that a body would fall through the length 
of a pendulum in a period which bears the 
ſame proportion to a time of its vibration, as the 

” circum- 


. 


cine of a circle is to its diameter monk. 
tiplied by the ſquare root of 2, a pendulum 
39.126 inches long ſwings ſeconds ; then 27.009 
thirds =. the time required to fall in vacuo 
through ſuch a length. Suppefing the velocity, | 
VIZ. 17 yy = a, the time = b, 16. 09 feet = VL, 


then we ſhall have V ha F. ac: nc 8 
2 5 Vc C 
= 4? | hence — = 4 feet 4 inches, It is thus 


4 0 
by ſuppoſing i in the infiniteſimals of a ſecond the 
velocity was thus uniform, the body wouldarrive at 
he earth at the ſame time as one would do by com- 
mencing by an almoſt infinite ſmall quantity, and 
2 accelerating: hence then 483 lb. x 

3 = 2052 lb.: thus we ſee how this bird is 
enabled to ſoar aloft with its prey, equal in 
weight to itſelf, although the volatile powers 
are diminiſhed, yet here is amply ſufficient in 
reſerve. It is not, however, in caſes of this 
nature that the maximum of its exertions is re- 
quired : it is when elevated high in the air, and 
viewing the object of its rapaciouſneſs beneath, 
falls down upon it with almoſt the accelerating 
powers of gravitation. Let us ſuppoſe the little 
expanſion of its wings neceſſary to preſerve an 
equipoiſe, that it ſinks through the ſpace of one 
hundred yards in eight ſeconds, and which, were 
the gravitating powers not thus interrupted, would 
"ve eee in ſix moments, the uniform de- 

„„ 
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tende als be 37 4 with a velocity ſo great, 
the momentum is proportionally fo ; as the weight 


is 60 1b. the momentum will be 2000 lb. It is 
here all the powers of the body“ are requiſite to a 
overcome a force that might otherwiſe daſh the 
animal to the earth; while, on the contrary, we 


ſee the hawk firſt aſſigning to himſelf the diſtance 


of the object, and then by precipitation darting 


down with an increaſing velocity: thus, were he 
not enabled to check at any period the impetuo- 


* When we know the weight of a body, and the height from 
which it falls, we may eaſily know what ſtroke it will give, 


| for the ſquare root of the ſpaces will always give the velocity, 


which being multiplied into the _ or weight of the body 


gives us its momentum. 


$1 A body falling from the height of goo frat, the "Wk root 


17.3 will give us the velocity; when we know the momentum 
of the body through the ſpace of one foot, it will give us the 


5 other. To aſcertain this, I made uſe of one of thoſe iron cy 
| linders which has a ſpring within, and according as a weight is 
attached to a hook at the bottom, ſuch is expreſſed by the 


riſe of a graduated iron plate out of the cylinder ; by letting 
z pound weight fall through the ſpace of one foot, it extended 
the ſcale to. the mark of three pounds: when the pound fell 
from four fect in height, its momentum was then equal to fix 


pounds; thus their velocities are preciſely as the ſquare root of 


their ſpaces, 60 Ib. the weight of this bird would be equal to 


180 lb. in falling through one foot; through goo feet it would 


be 180 Xx 300 = 31141b.: as we have already obſerved, 
that the bird does not deſeend with fo rapid a velocity, nearly a 
third leſs 3 its momentum at the end of ſuch a fall would at 
3 | 


WE 


(io) 


kity of his: career, a fall through a . of this 
extent muſt prove fatal. | 

Suppoſing he is in that ſtate as ould; to ke 
hovering in the air, gently floating with a velocity 
not more than 4 feet in a ſecond; proceeding- as. 

above, the power of rifing will be 120lb. l 
double its on weight. 

It has been much diſputed e in the 
rapidity of motion, birds are capable of diſtinguiſh- 
ing objects. In the Philoſophical TranſaQions 
for the year 1795 there is a paper on the ſtructure 
of the eyes of birds, by Mr. Smith, whoſe re- 
marks being preciſely the fame with thoſe of Dr. 
Derham, in his Phyfico Theology, certainly can- 
not merit any attention on account of novelty. 
Dr. Derham remarked a loricated ſtate of that 
part of che ſclerotica which immediately ſurrounds - 
the cornea, acting like pulleys, over which the 
tendinous fibres were ſpread, and which termi- 
nated in forming the four recti muſcles. The 
Doctor ſuppoſed ſuch a confirmation neceſſary 
for the quick changes of viſion in birds, to enable 

them to ſee their food at their bill's ends, or 
to diſtinguiſh the utmoſt diſtance their high 
flights enable them to view, that the focal pow- 
ers of the. eye may be accommodated to the 
different refractions they muſt experience in 
the different atrial media in which they are 
immerged: to this ſuppoſition there are many 
objeQions, If all theſe muſcles a&, would the 


4 58 5 
eye be 0 more convex? Certainly che 
cornea, by ſuch an action, can never be con- 
verted into a ſegment of a leſſer ſphere. Are 
the ſame muſcles calculated for contrary action? 
Could they at one time enable the bird to view his 
food at his bill, and at another extend his powers 
of fight over far diſtant woods and mountains ; 
or make the globe at one time elliptical, at ano- 
ther like an oblate ſpheroid? Had it been recol- 
lected that the eye, although not a perfect ſphere, 
is yet nearly approaching to that form the moſt 
capacious of any, and being perfealy replete 
with its contents, how could it ſuffer any farther 
deviation from a globe, without an exudation of 
the aqueous humour? the ſclerotica in itſelf be- 
ing ſo perfeQly inelaſtic, that even a ſmall por- 
tion, by the application of a conſiderable weight, 
would not in the leaſt extend. In viewing a near 


| »objed, the axis of the eyes is neceſſarily turned 


towards the noſe: how would the advocates of 
fuch' a doctrine attempt to explain the oblique 
- aQtions of the recti muſcles which in this caſe muſt 
take place? Natura fimplex eſt & rerum cauſis 
( ſuperfluis non luxuriat;“ thus ſays the immor- 
tal Newton. Why ſhould we think of adopt- 
ing fo complicated a ſyſtem, when all the phæno- 
mena are ſo eaſily explicable on the different cur- 
vatures of the cryſtalline lens? Had the optical 
properties of this beautiful medium been more 
: i Kaas attended to wy his they 
e 


certainly could never have been induced, from 
one ſolitary inſtance, where moſt probably there 
| were ſome circumſtances not carefully attended 
to, to ſuppoſe it were of no uſe. With reſpe& 


to this laminated ſtruQure, if calculated for ſach 
a purpoſe, it would only be found. in thoſe birds 
whoſe motions are rapid. We obſerve. the ſame _ 


in the oſtrich, the turkey, and the gooſe, as well 
as in the buſtard and the eagle; and, from ſome 


circumſtances, it appears that hawks, or birds of 


prey, when they dart down upon a ſmaller bird, 

have their eyes ſhut; the hawk generally moves 
horizontally to ſome diſtance, and, when he 
precipitates himſelf, often makes a falſe plunge: 
bad he powers of obſerving the progreſs of the 
ſmaller bird, he would regulate his actions 
accordingly. Reaumur alſo has told us, that he 
has obſerved, with pleaſure, a ſparrow purſuing 


a butterfly, which, from the irregularity. of its 


motion, eſcaped every attack of the ſparrow. 
It appears more probable, that theſe bony ſtrata 


are calculated for defending the eyes of birds 
from the danger they undergo, from their habi- 


tations on trees, &c. and thus, by the curious 


| peRtinated organs about the choroides, enabled to 


withdraw the eye into the bony arch. 


"DF, Derham has alſo remarked another been ; 


ful ſtruQure in birds in the mechaniſm of the 
lungs, which are not entire, as in other animals, 
but: communicate to many cells, both in the ſoft 
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parts and in the bones; as the ſternum, ribs, and 
vertebræ, have their internal ſubſtance divided 
into cells. The Doctor had obſerved a mode- 
rately thin membrane, but not regarding this as | 
a diaphragm, he adopted the general opinion of 
birds having none; he imagined it might be of 
uſe in rendering their bodies more or leſs buoy- 


ant, and thus facilitate their aſcents and deſcents. 
Mr. Hunter, who has paid ſome attention to this 


ſubject, with more propriety thinks they are as a rial 


reſervoirs, when, in their rapid motions, the re- 


ſpiration cannot be ſo perfettij performed; and 
ſuppoſes on this alſo depends the great continuance 


of ſong in ſome birds. If ſuch had been con- 
fined to birds of rapid flight, or thoſe which are 


_ amphibious, ſuch would appearaproper deduQion. 


They are obſerved more numerous in the oſtrich, 


a bird not intended to fly; hence the reaſon of 


this atrial veſicular arrangement appears not per- 
feQly-evident; it is obſerved that the animal heat 
of birds is five or fix degrees greater than man; if 
ſuch depend on the decompoſition of oxygene 


gas by carbone, * this greater 2 x 
{ ny: become 1 „* 0 
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tions of the animal economy are inexplicable on chemical princi- 
ples; even the favourite theory of the decompoſition of caloric 


rom its oxygen baſe by carbone; labours under ſeveral difficulties. | 
It is faid, that the heat of the body is regulated by the reſpiratory 
organs; the animal heat of a child is more than that of an adult, 


( 6: ) 
as it is obſerved, that the young of all animated creation is hot» 
ter than the old, as with young trees, In an infant, it is ſaid, 
the child reſpires more frequent ; in many caſes of diſeaſes man 
| breathes much more frequent without the internal temperature 
being increaſed. In Greenland and Lapland, where the cold is 
intenſe, conſequently the generation of a greater quantity of 
caloric becomes neceſſary ;- we are then told that not only there 
is a greater quantity of carbone in the ſyſtem; alſo the air being 
in a denſer ſtate, holds a propertionate quantity more caloric, 
How contrary this is to the general properties of bodies, where 
there can be no diminution in capacity without an evolution of 
| caloric; and, from variety of experiments, it is well known 
that air, as it condenſes, throws out a great quantity of heat; 
even with the condenſation of three or four atmoſpheres, very _ 
ſenſible effects are induced; and if we place a thermometer 
within the blaſt of the condenſed air reſuming its natural 
tate, the mercury rapidly finks; as is alſo obſerved in the ex- 

hauſted receiver: if ſo, the fame proportionate quantity poſ- 
ſeſſes leſs caloric. Birds poſſeſs more animal heat than man, 
even thoſe whoſe flight is very high, Sauffure, when on Mont 
Blanc, demonſtrated by his eudiometer, that the air in theſe 
regions is very impure: we have alſd many inſtances where. 
the greater part of the blood does not paſs through the lungs, 
yet no diminution of temperature. In ſome, where the foramen 
ovale has never been cloſed, as is the cafe with the Blue Boy, as 
he is called, at Rotherhithe, where the whole ſutface of the 
body has the venal tinge; and in many caſes of phthiſis, when 
Nature is interrupted i in her circulation through the lungs, ſhe 
frequently re-opens this partition. From various authorities, 
we have reaſon to ſuppoſe that there are men, as pearl divers, 
who will bear immerſion under water for 2 quarter of an hour, 
or more, and, without more than two or three minutes interval, 
will dive again, and yet ſuffer no inconvenience. Surely, in all 
theſe caſes, if there were no other reſource for heat than in reſpi- 
ration, if the latter is checked, ſhould not there be a diminution 
in the former? while it is rarely obſerved, whether native: of 
the Line, or of the frozen region, that there is the leaſt differ- 
* of bp but what is attendant with death. | 
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As all our r knowledge of external or material 
things 


nds upon the evidence of the external 
ſenſes, if theſe are proved fallacious, the reality 
of matter could no longer be ſupported. In the 
earlier periods of literature, in the dawn of phi- 


loſophy, we find many who have attempted to 


prove that our ſenſory: organs are deluſive; that 
inſtead of acting that part for which we might 
ſuppoſe they were created, | at they are continu- 
ally 


us aſtray; that, inſtead of tending to 


Ty co 
our preſervation and happineſs, they are * be 
regarded as inſtruments of treachery and deceit. 

Let any one phyſiologically examine the admi- 
rable ſtructure of the eye; the beautiful and ſim- 
ple apparatus with which it is endowed for view- 

ing objeQs at different diſtances; the ineluded 
media ſo arranged as to anſwer the beſt and wiſeſt 
purpoſes :—let him examine the organization of 
the ſenſe of hearing; how calculated to concen- 
trate the ſonorous waves; how the membrana 
tympani regulates: the percuſſive effect of the 
| aerial tremors; how it increaſes or checks the 
undulatory career: let him examine the oſſicula, 
the auditory levers for tranſmitting undiminiſhed 
the impreſſion that has been communicated ; and 
how the bony curve of the labyrinth is thrown 
into a correſponding agitation, from the impulſe 
its included water receives: let him attend to the” | 
 olfaftory organs; the exquiſite ſenſibility and ele- 
gant whiteneſs of the membrana ſchneideriana of 
the ethmoidal cells, and its ſuſceptibility of impreſ. 9 
ion from the groſſer effluvia: and laſtly, let him 3 
only reffect on the diftribution of nervous papillæ = 
in the tongue, the hands, & c.; howthefeprojefting 
little nipples lurking under the ſkin, and pofleſ=- . 
ſing ſenſatory power in a concentrated degree, - 
are admirably formed for embracing objects ex- Y 
poſed to their action; how, in the one cafe, = 
when the object is minutely divided, and direaly | 1 
ioprefſes _ the ſenſation of taſte is induced: 


and 


D 


< 64 . : 
and bow, i in the, other, when the actual contaR i is 
prevented by the cuticular cover, yet the ſenſa- 
tion of reſiſtance is imparted. 
Could any one, after ſuch- an inveſtigation, 
: ſeriouſly and ſolemnly believe that the wiſe and 
| beneficent Author of Nature would thus arrange 
our ſyſtem to betray us; to entertain ſuch a 
thought is derogating from that reverence we 
ought to pay to our Creator; nor can I diveſt 
myſelf from thinking, that ſuch, in ſome reſpe&s, 
borders on impiety. We find Democritus and 
Epicurus maintained, that ſmell, taſte, ſound, co- 
lour, heat, are mere illuſions of ſenſe, and have 
-no real exiſtence; even Plato aſſerted we had no 
real knowledge of material things, and that eter- 
nal and immutable ideas are the only objects of 
real knowledge: ſo all the academics endeavoured 
to prove, that, even in things the moſt evident, 
ve ought to withhold aſſent. That the teſtimony 
of the ſenſes ſhould be ſuſpected, they inſtanced 
in many circumſtances; as the crooked appear- 
ance of an oar in water, objects magnified in a 
fog, the ſun and moon appearing about a foot 
or two in diameter, the different colours on a 


dove's neck, &c. * . 


® Quidergo eſt, quod percipi poſit, ſi ne ſenſus quidem vera 
- nuntiant ? quoſt tu Luculle, communi. loco defendis : quod ne 
id facere poſſes, id circo heri, non neceſſario loco contra ſenſus 
tam multa dixeram : tu autem te negas infracto remo neque 


„ ee eee * eſt ſole majus ? quem 
=. mathematici 
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The Caridllanc alle ſuſpected falſehood in every 
1 the ſenſes repreſent; the celebrated Des 
Cartes, he who produced the greateſt revolution in 
philoſophy, and deſtroyed the dogmas of Ariſtotle, _ 
that he might not be led aſtray, commences his 
principles by a ſtate of univerſal doubt, and ad- 
mits nothing as certain, until compelled by clear 
and cogent evidence“. But Spinoza has well ob: 
ſerved, that the evidence of ſenſe ought to have 9 
been admitted as a firſt principle, as well as that 
of conſciouſneſs; as Des Cartes has endeavoured 
to prove our exiſtence from a principle of con- 
ſciouſneſs, and from hence the exiſtence of an in- 
+ finitely perfect all- powerful Being; ; but that ex- 
ternal objects only exiſted as images in the mind; 3 
that the ſun, moon, earth, and ſea, were only 4 
ideas, the reality of which we were not certain. | 4 
Spinoza has properly remarked, that we ought to | 
ali the exiſtence of a ſubſtance from the NS: : 


es ase . duo deviginti 8 confirmant majorem 
_ effe, quam terram: TRY nobis videtur? mihi quidem quaſi 8 1 
. Fro e eee e R—̃ 


e Facile ado fupponin imus, nullum elle Deum, p 5 2 | 
« cœlum, nulla corpora ; noſque etiam ipſos non habere ma- : - 
nus, nec pedes, nec denique ullum corpus; non autem ideo 1 
nos qui talia cogitamus nihil eſſe; repugnet enim, ut pute- 
mus id, quod cogitat non exiſtere. Ac proinde hc cogni - 
© tio, 0 Wie, ergo Jun, eſt omnium prima & certifima.” *- 

Des Cart, 8 


; ” 
13 
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as well as s from conſciouſneſs. This mode of 
reaſoning muſt neceſſarily have. led Des Cartes - 
to a ſtate of general ſcepticiſm, and ſuch would 
have been the reſult, had he not heen reſtrained 
by the terrors of the church +. Be 19 5 
Although Des Cartes may be allowed the ho. 
nour of firſt drawing a line of diſtinQtion between 
the material and intellectual world, yet it alſo 
muſt be granted that he has been the ſource of 
the dofrines of a Malebranche, a Berkley, and 


2 Hume; although his philoſophy utterly de- 


ſtroyed the materia prima, ſubſtantial forms, and 
occult qualities, of Ariſtotle, it has alſo prevented 
the more uſeful part being attended to. | 
It would be foreign to this Eſſay, to at- 
tempt any inyelligution of the opinions of Des x, 


7 * $i quis Het % 1 & r 3 ſt veram, 
ddeam ſubſtantiæ habere, & nihilominus dubitare num talis ſub- 
ſtantia exiſtat, idem hercle eſſet ac | diceret ſe veram habere 
ideam, & nihilominus dubitare num falſa fit (ut ſatis attendenti 
fit manifeſtum) vel fi quis ſtatuat ſubſtantiam creari, ſimul ſta+ 
tuit ideam falſam factam eſſe veram; quo nanc nihil abſurdius 
concipi poteſt : adeoque fatendum neceſſaric eſt, ſubſtantiæ ex- 


2 iſtentiana ben <jus eſſentiam =ternam eſſe veritatem. = 


Ba arena ne Part I. 


in At ci memor mez e aihil affirmo: 


cc. ſed hc omnia tum Feclefiz Catholicæ auctoritati, tum pru- 1 


« dentiorum judiciis ſubmitto; nihilque 2 I 
« Ns > ar Same rebar ag 
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Cartes, Malebranche, Norris, Berkley, Collier, : 
and Hume; all that I intend, is to endeavour to 
prove, that the arguments adduced againſt the 
veracity of the fenſes are not correct; that their 


opinions have principally aroſe from not diſtin= _ 


guiſhing properly the judgment of the mind from 
the perception of the 8 
Suppoſing a man were to exiſt, deprived of 
ſenſatory organs—deprived of ſeeing, hearing, 
ſmelling, taſting, and feeling, would not his ex- 
iſtence be merely vegetative? If ſuch be 
granted, it will neceffarily follow, that all his 


acquiſitions muſt originate from thoſe ſenſes. 8 


We find, that when man firſt emerges into exiſt- 
ence, is likewiſe the infantine period of the ſenſes, 
as yet unimpreſſed, as yet unexerted; he ap- 
pears, at firſt, a kind of animated maſs, without 
any intellectual powers; fo it is ordained for the 
wiſeſt purpoſes: for could we ſuppoſe a child 
evolving into the world, with its underſtanding 
in a ſtate of maturity, all its ſenſes in a moment 
thrown into rapid action, it would be diſtracted 
with aſtoniſhment, apprehenſion, curioſity, and 
ſuſpenſe ; its powers would be exerted with an 
impetuoſity which would render them unſupporta- | 
ble: while, on the contrary, the acquirement of 
ideas is ſo gentle and gradual, that we neceſſarily 
acquire that moderation and ſelf-government, 
that aptitude and readineſs in reſtraining ourſelyes. 
As all our knowledge is derived from the ex- 

85 K 2 5 - ternal 
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| gl; ſenſes, let us examine tber ſeparately ; | 
let us endeavour toſhew what would be the reſult 
of a vegetative kind of maſs, endued with only 
the ſenſe of ſeeing, and then ſucceſlively com- 

bined with the other ſenſes. | 


* 


4 


S SENSE OF SEEING. 
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To examine whether the idea of the peripatetic 
_ philoſophers, reſpecting the different kind of forms 
which bodies were continually ſending off, and 
thus acting on the different ſenſes, ſince the ob- 
ſervations of Des Cartes, would now be ſuperflu- 
ous; it muſt certainly be granted, that all bodies 
which are viſible either emit light, or reflect it. It 
might appear a matter of little conſequence in 
this conſideration, whether light is conſidered as 
_ univerſally diffuſed and apparent when acted on, 
or emanating in right lines. As, in ſome reſpeRs, 
the latter opinion is more agreeable to the demon- 
ſtrations which hereafter will be attempted, ſuch, 
from the following proofs, will be adopted. 
Newton has ſhewn, that a preſſure propagated 
through a fluid does not att i in right lines, unleſs 
the particles of that fluid are thus direaly polited, 
« Preſſio non propagatur per fluidum ſecundum 
* lineas reQas, niſi ubi particulæ fluidi in direc- 
"8 tum 1 Prop. * 9 Suppoſing a 
room 


«41 


room FI IE 7. in the Tame manner as when try=" 
ing priſmatic experiments, a ray of light, per- 

vading a ſmall aperture in the window ſhutter, 
only forms on the oppoſite wall a figure of the 
ſun, ſubtending an angle with the window ſhutter, 

- equal to that of the real ſun; if the room had 


been replete with light, as with air, the firſt im- 


pulſe at the aperture would cauſe it to act equally 
all around; each particle thus acted on would 
conſtitute a freſh centre, and thus its motion 
would be diffuſed through every part of the room; 
as ſuch does not take place, it is not univerſally 
diffuſed, but « particulæ in directum jacent.” 
As ray of light emanates from the ſun not in- 
ſtantaneouſly, but progreſſively, viz. eight mi- 
nutes, thirteen ſeconds, in paſſing from the ſun 
to us; about ninety-ſix millions of miles (at a 
medium). This has been ſatisfactorily proved 
by the obſervations of Reaumur, reſpecting the 
eclipſes of the jovial ſatellites, as well alſo by the 
greateſt diſcovery in aſtronomy in this age, the 
aberration of the ſtars, by Dr. Bradley. 
Notwithſtanding theſe proofs, we find many 
celebrated philoſophers who could not conceive 
bow light ſhould be driven off tho ſun's furface 
with the amazing velocity of 200,000 miles in a 
ſecond of time; hence Huygens imagined that 
light conſiſted in vibrations propagated from the 


luminous body through ſubtle ætherial medium: 


the great Euler ſupported this, and thought that 
| me Fil 2 | the 


* * 
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the ſun would be diminiſhed by ſuch a copious 
emiſſion, Dr. Franklin entertained. the ſame _ 
opinion, and farther ſuppoſed, that the ſmalleſt 
conceivable particle of matter moving with ſo 
incredible a velocity, would acquire the momen- 
tum of a 24-pounder diſcharged from a cannon ; 
that the ſun would diminiſh in its weight, and 
__ conſequently in its gravitating powers, ſo that the 
revolving planets would neceſſarily perform arger 
orbitary revolutions. FT 
Newton imagined that the ſun . Am- 
niſh, and thought the comets“ were to reno- 
vate its powers, as well as their tails, to impart 
moiſture to the planets, and a renewal of that 
vital portion of empyreal air he thought were 
deſtroyed. Such would never have been New- 
ton's concluſion, had he truſted a little more to 
his powers of calculation. If we ſuppoſe a lu- 
minous particle equal in bulk to the minuteſt vo- 
latile efluvia, the ſize of a particle emitted from 
aſſafcœtida ̃ does not exceed the thouſand billionth 
| + Newton's Principia on the Comet of 1680. From this ſup- 
poſed property of moiſture in the tails, Whiſton imagined a 
ſudden condenſation of one when paſſing through the earth's 
orbit, near to this planet, might occaſion the n deluge. 
+ Mr. Boyle proved by experiment, that a maſs of afla- | 
fixtida, expoſed to the open air, loft, in fix days time, the 
eighth part of a grain; therefore, in e 15 


of a grain, ſuppoſing tt the flux of cffluvia uniform: at the diſ- 
| _ tance - 


i 


1 
part of a eubiè inch. If we 3 light a as ſpe- 
cifically heavy as gold, the force of momentum 
in each particle would be infinitely inferior to the 
momentum of the gentleſt dew, and would re- 


aduire more than a million of years to produce the 


diminution of — —— part of a fingle ſecond. That 


: light has a ba is evident from the expe- 
riments of Homberg, Mairan, and Mitchel“, 


tance of two feet the effluvia is diſtinguiſhed by the ſmell; a 
_ a ſphere, whoſe radius is two feet, is replete with this 


| 8 : 
I I Et of 
a a cubic inch. 


One objection, among ſome others, e 
againft the concluſion of Mr. Mitchel; he ſeems not to have 
made any allowance for the greater proportionate decreaſe of 


| denſity in light than in the ratio of the diftance; that it meets 


with conſiderable reſiſtance in air we are well aſſured from many 
experiments, as from its continual refraction through all the 

atrial media, progreſſively increaſing in denſity, a ray of light 
muſt neceſſarily arrive to us in a curvilinear direction; what 
portion may be interrupted in its progreſs we know not. Bou- 
gouer has ſhewn, that water, more than 45 fathoms deep, 
reflects no image of the ſun, the whole light being loſt : 
from analogy the ſame may take place in air, 'in the ratio of its 
denſity, viz. 34 feet of water being equal to the weight of at- 


5 moſphere, and 45 Xx 6 = 270 feet of water, through which 


face light becomes diſperſad; henoe #70 : : 34 258 =o 


nearly; fo that we may ſuppoſe one eighth of the light is loſt- 
by its paſſage through air: this appears farther probable, as 


* k 22 
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who have ec feathers, amianthus, and deli: 
cately ſuſpended levers. Why ſhould we ſuppoſe. 
that there is any thing afreſh created? Why may 
not light, when diſengaged from its terreſtrial 
combinations, return to that ſource from whence © 


it originated, and thus, by a continual circula- 


tion, keep up its FT power Feen, any 
diminution in quantity. 1 
Light is a fluid ſui generis, and no ways ſimilar 
in its properties to caloric, or the matter of heat. 
Bodies may, be heated from 540? down to 699, 
without exciting any ſenſible illumination; while, 
on the contrary, we ſee light from the flow phoſ- 
phoreſcent c combuſtion of the lanthorn fly and the 
glow-worm. Fire is diffuſible equally, and pe- 
netrates all bodies without exception, while light 
only produces ſenfible effects on opaque matter ®, 
Fire i is abſorbed and given out by bodies in the 


tranſparent bodies of a ſimilar nature refract in the proportions 
of their denſities, and loſe, by reflection, the ame Ra E 
© degree. —Vide Newton's ps, lib. 2. prop. 14. 


If in a common phial a match be placed, and this phial 
immerged i in a glaſs veſſel filled with water, and a ſenſible ther- 
mometer applied to the fluid, the concentrated ſolar rays, through 
à convex lens; or from a concave mirror, being made to paſs 
through the water, fo that the focus ſhall fall on the match, 
this will be inflamed and burnt without the water having its 
temperature increaſed; as would otherways be evinced by the 
thermometer. , This ſhews light will. not act on urn; ſub- 
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proportion of their ſpecific gravities *, while light 
is regulated in its increaſe of velocity by the re- 
fracting power of the medium; fire acts in all 
directions, light only in right lines; fire produces 
no change in the colourleſs nitrous acid, while 
light gives it another tinge, and renders it fuming. 
The experiment of Beccaria's diamond 4 even 
ſhews an averſion to their being united fn one 
and the ſame body. Light has, as has already 


been obſerved, weight h. while no experiments 
| have 


Iron feels colder than * becaufs i it abGabs and gives . 
dk heat quicker; a veſſel filled with hot water, ſuſpended in a 
reom, and ſurrounded with wool, will preſerve its warmth 24 
hours: thus the man who was placed in an oven, when ſo hot 
as to bake bread, yet ſuffered no inconvenience, becauſe he was 
only i in contact with wood; and the caloric being ſo ſlowly com- 
municated, that the toon of life. prevented his temperature 
being increaſed. _ . Tos 

+ V. Newton's Optics, lib. 2. prop: 16. 

r It is a well-kriown property of the diamond, and alſo many 
other bodies, that when expoſed to light they abſorb a quantity, 
and throw it out in the dark. Beccaria thus expoſed a diamond, 
which, when brought into a dark room, appeared for a time 
luminous; when this died away, it re-appeared by the appliea- 
tion of ſo much warmth the mouth would give; when this diſ- 
perſed, it was renewed by immerſion in hot water; afterwards, 
no additional warmth ever produced the leaſt luminous appear- 
ance, till a freſh expoſure to light was made: the inference is 
eaſy; that the light was not produced by the caloric, but 
diſengaged from the body. 


$ It has been ſuppoſed that light han: no weight, W it 


appears to be uninfluenced by any gravity; as darting from the 


4 64 720 1 
who have at feathers, a and deli: 
cately ſuſpended levers. Why ſhould we ſuppoſe 

that there is any thing afreſh created? Why may 

not light, when diſengaged from its terreſtrial 

8 combinations, return to that ſource from whence 

it originated, and thus, by a continual circula- 
tion, keep up its eee power without wy 
diminution in quantity. . wr 

Light is a fluid ſui generis, and no ways ſimilar 

In its properties to caloric, or the matter of heat. 

Bodies may, be heated from 540%. down to 699, 
„ without exciting any ſenſible illumination; while, 
on the contrary, we ſee light from the flow phoſ- 

phoreſcent c combuſtion of the lanthorn fly and the 
glow-worm. Fire is diffufible equally, and pe- 
netrates all bodies without exception, while light 

5 produces ſenſible effects on opaque matter *. 
> Fire i is abſorbed and given out by bodies in the 


tranſparent bodies of a ſimilar nature refract in the proportions 
of their denſities, and loſe, by refſection, the cy mp 8 
| degree * ide Newton's Optics, lib. 2. Prop. 1 4. | 


If in a common phial a match be placed, and this phial 

imwerged i in a glaſs veſſel filled Witif water, and a ſenſible ther- 

mometer applied to the fluid, the concentrated ſolar rays, through 

2 2 convex lens, or from a concave mirror, being made to paſs 
| through the water, fo that the focus ſhall fall on the match, 
this will be inflamed and burnt without the water having its 
temperature increaſed; as would otherways be evinced by the 
hermiometer. This ſhews . on 10 act on r ſub- 
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proportion 
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proportion of their ſperific gravities“, while light 
is regulated in its increaſe of velocity by the re- 
frafting power of the medium f; fire acts in all 
directions, light only in right lines; fire produces 
no change in the colourleſs nitrous acid, while 
light gives it another tinge, and renders it fuming. 
The experiment of Beccaria's diamond even 
ſhews an averſion to their being united in one 
and the ſame body. Light has, as has already 


been obſerved, weight g. while no experiments 
| have 


Iron feels colder PE good, becauſe it abſorbs and gives | 
out heat quicker; a veſſel filled with hot water, ſuſpended in a 
room, and ſurrounded with wool, will preſerve its warmth 24 
hours: thus the man who was placed in an oven, when ſo hot 
as. to bake bread, yet ſuffered no inconvenience; becauſe he was 
only i in contact with wood; and the caloric being ſo ſlowly com- 
municated, that the 1 a lite N his ee 
being increaſed. | | 

+ V. Newton's Optics, lib. 2. prop: 16. 

r It is a well Known property of the diamond, and alſo many 
other bodies, that when expoſed to light they abſorb a quantity, 
and throw it out in the dark. Beccaria thus expoſed a diamond, 
which, when brought into a dark room, appeared for a time 
luminous; when this died away, it re-appeared by the appliea- 
tion of ſo much warmth the mouth would give; when this dif- 
perſed, it was renewed by immerſion in hot water; afterwards, 
no additional warmth ever produced the leaſt luminous appear- 
ance, till a freſh expoſure to light was made: the inference is 
eaſy; that the light was not produced by the calonc, but 
diſengaged from the body. 


8 It has been ſuppoſed that light han no weight: 3 it 


A to be ended 8 any . 3 as _— "ou the 
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have hitherto evinced any. gravity. in caloric®. 
Dr. Higgins ſuppoſes that caloric and light are 
one and the ſame matter, their different appear- 
ances being the reſult of varied directions; that 
caloric ſubſiſts by the proximity, and light by the 
rapid projettile motion of the ſame matter. How 
will this be reconcileable to what is above men- 
War By * power are we to ſuppoſe that 


1 1 the nent of + ſpace, without whe controlled 
dy any of the planetary regions. The inſtant a ball is fired out 

of a cannon, gravity has but a little fway ; if, inſtead of mov- 

ing 4 or 500 fect in a ſecond of time, it ſhould move with the 

amazing rapidity of light, any deduction on account of gravity 
could even make no mathematical difference. | 


* Dr. Ferdyce's experiments rather ſhew a degree of levity 


than gravity in caloric. I have been attempting ſome experi- 


ments reſpecting the amazing diſengagement of caloric by the 
mixture of the vitriolic acid and water, It is well known, that 
in ſuch a mixture there is a great diminution of bulk, or, what 
was formerly called, a penetration of dimenſions. I have been 
endeavouring not only to aſcertain the ſpecific gravity of the 
compound, but alſo. its relative weight; I have not as yet been 
enabled to prevent ſome loſs by evaporation ſo great a heat pro- 
duces, I have been enabled to determine what quantity of ice 
fuch a mixture will diſſolve. 
It is eaſy to conceive how à body expanded by da muſt 
weigh leſs, as it muſt diſpoſſeſs à greater quantity of air; on 
this account it muſt not be inferred that caloric is leſs than no- 
thing. We know a ſteel bar, when magnetiſed, weighs leſs, as 
Whiſton found one, 7 feet long, loſt 14 grains: this does not 
evince a Stahlian principle of levity; it is owing to its, gravita- 
ting tendency e the centre of the earth 6 : 
| by a 4 coral — Pore. 
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one part of the ſame matter ſhall have a continued 
proximate action, and another portion a powerful 
redtilineal direction? Could any previous differ- 
ence in velocity make any eſſential differenee 
after a chemical combination? In the vegetable 
creation the influence of light is too evident to 
eſcape our attention: how pale, how languid, 
when expoſed even to a ſuperior temperature, 
| without the benefit of this enlivening principle; 
while, on the contrary, when expoſed to a com- 
bination with this energiſing ſubſtance, it has the 
verdant tint of health. When caloric is diſen- 
gaged by the concentrated ſolar rays, it appears 
to be a ſimple chemical decompoſition, a body 
abſorbing m_ and Nee out its . of 
heat, 

By the eye ve are enabled to diferimingts the 
colour, the diſtance, the magnitude, and figure 
of external objects, as well as their motion when 
attended with a change of place; in this order 1 
| ſhall preſume to examine them. 5 
Colours are now well known to be owing to 


the different refrangibility of the different por- Me 


tions of a ray of light; and, according as the 
ſurface of a body is diſpoſed to the reflections of 
ſuch portions, certain correſponding colours are _ 
produced: in fact, a ray of light appears to be 
p compoſed of portions progreſſively diminiſhing 
in momenta; that part which has the greateſt force 


is the leaſt bent out of its courſe, and impreſſing 
L 2 | the 


. 
| the retina with the greateſt power, e che 
| lively ſenſation of redneſs. According as they 
diminiſh in vigour, a diminiſhed vividneſs of ſen- 
fation is induced through the priſmatic ſcale, the 
orange, the yellow, the green, the blue, indigo, 
and violet: this appears farther probable from 
ſtrong luminous bodies, as the ſun, when viewed 
through a cloudy medium, appearing red, ariſing | 
from the momenta of the other different portions 
not being enabled to overcome the reſiſtance, are 
neceſſarily not tranſmitted : alſo, when we paint 
the bulb of a very ſenſible thermometer with 
white, it is near ten degrees lower than when co- 
vered with black; the former refleQing all tbe 
light, while in the latter the whole is abſorbed. 
If we paint a number of thermometers in the 
order of the ſpectrum, we find, that in the violet 
the thermometer is higheſt, while in the red it is 
the loweſt, and which demanſtrates, that all the 
rays being in action but that which is reflected, 


conſequently the gradation of the fall will marx 


the degree of force. This is contrary to the ſup- 
poſition of Dr. Hartley, who fancied the vibra- 
tions in the retina, from violet rays, were double 
to thoſe produced by the extreme red rays. If 
Dr. Hartley's conjecture was right, how would 
the nature of ocular ſpectra be explained? After 
looking at the ſun, we find, after the intenſity of 
ts action has ſubſided, a red fun appears; then 
Fi . 5 51 . an 
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an \ orange, Ke. Surely; as the ation diminiſhes, | 
the vibrations cannot be increaſed. _ 

It has been too generally Cana; that colours 
are entirely dependant on the mind, as if they did 


1 


not originate from any external cauſe. Newton, 


by throwing the red-making rays on cinnabar, 
and the blue-making rays on ultramarine, demon- 
ſtrated, from their vividneſs, that their ſurfaces, 
were diſpoſed to ſuch reflections. When the ex- 
periment was reverſed, the cinnabar appeared of 
| a faint obſcure blue, and the ultramarine of a dim 
rad. From this it has been argued that. the co- 
lours do not appertain to the body, as that light 
is reflected that is not congenial to it. When 
we view the ſpectrum, we obſerve no definite di- 
viſion in the colours, the one melting i impercepti- 
bly into the other ; that 1 it is only their extreme 
parts which can be well diſtinguiſhed; as the 
colours are more remote in the ſpettrum, the leſs 
relation they will have to each other: thus, ſup- 
| poling the red gradually running into orange, has 


8 Part of i its colour in that portion; in the yellow | 


it would be at =. viz. 205 and ſo on, in a 


decreaſing ies; 4 in the green there would 

be an infinitely ſmall portion; this we find conſo- 

nant to experiments: the orange reflects more red 

rays than the yellow, and this more than the blue; 
ſo that the faintneſs may be owing to only that 

- Portion. 


(3): 
portion being reflected as enters, as it were, into 
the compoſition of chat particular colour. 
The colour of an external obje& depends upon 
an impreſſion on the optic expanſion from the re- 
fleQtion of a certain portion of a ray of light. If 
this be granted, does it not neceſſarily follow that 
light is material? Can we conceive impreſſion 
without reſiſtance? Can we conceive reſiſtance 


without matter! 9 


* 


OF THE DISTANCE OF OBJECTS. 
In the aſcertainment of the diſtance of an ob- 
jekt, our powers are neceſſarily limited, yet they 
anſwer the beſt and wiſeſt purpoſes of our crea- 
tion; the extent of our viſual powers is ſuch, 
- as ſuffice for our pleaſures as well as our preſerva- 
tion. It is but opening the eye, and the ſcene 
enters; we embrace, as it were, at once an infi- 
| nite number of bodies, and bring into our reach 
the moſt remote parts .of the Univerſe. When 
we view the conchoidal arch above, and contem- . 
plate the planetary orbs, which our powers of cal- 
culation have aſcertained an immenſe difference 
in diſtances, yet. the eye is not capable of any 
ſuch diſtinQion; to it the moon appears as re- 
mote as the ſun; the ſun as Sirius: even thoſe 
little electrical emanations in the air, called ſhoot- 


ing ue, ſeem as far diſtanced as the conſtella- 
| tion 
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tion of Orion; 80 the ſmall denten of a 
rocket has the appearance of being concentric, 
and in contatt with the heavenly curve above. 
Nor, indeed, is it neceſſary that we ſhould ſo 
penetrate into the immenſity of ſpace; we are 
| ſufficiently enabled to diſtinguiſh ſuch diſtances 
as are neceſſary for our exiſtence. How is ſuch. 
aſcertained? Des Cartes fancied, that in near- 
ſituated objects diſtance may be known by the 
angle formed by the two optic axes. © Diftan= 
_ « tjam diſcimus, per mutuam quandam conſpira- 
| « tionem oculorum,”” — Des Cartes Diopt. If 
this were ſo, in remote objects, the ratio would be 

too little to hold good; nor could diſtance be 
known by perſons with one eye. Dr. Moore, 
his cotemporary, in an Epiſtle to that great phi- 
| lofopher, has ſhewn, that ſuch could not be de- 
termined by the viſual angle, for an object, 10 
feet high, and 100 yards diſtance, would form 
equal angle with an object 5 feet, at 50 yards. 
Berkley, in his ingenious Effay on Viſion, has 
endeavoured to prove, that diſtance, of itſelf, is 
only a line which impreſſes the retina in a lingle | 
point, and remains invariably the ſame, whe- 
ther the diſtance be greater or leſs: he ſuppoſes 
that it is aſcertained by the confuſedneſs, diſtinQ- 
neſs, and faintneſs of objets. When rays, pro- 
ceeding from each diſtin& point of an object, are 
not properly converged, a confuſion of viſion 
EVE. the idea of nearneſs; and when rays paſs 
through 


\ 


moſt viſible diverging rays and parallel are to be . 


ie x 
through a groſs medium, ſo that few arrive from 


the object to the eye, the attendant faintneſs pro- | 


duces the idea of diſtance. This theory will ac- 
count for the remarkable phenomena * of cons 
verging rays, that overturned the ſyſtem of a 
Tacquet, and embarraſſed a Barrow, a Gregory, 
and a Newton. Converging rays never exiſt in 
Nature; in an unnatural concourſe ſuch may be 
_ requiſite. Berkley endeavours to prove, that 

"diſtance is, in its own nature, imperceptible, there- | 
fore perceived by ſight by means of ſome other 
idea, for lines and angles, he ſays, are not per- 


ceived. Dr. Hartley ſuppoſes the principal cri- 
terion of diſtance is the magnitude of the picture: 


the obſervation of Dr. Moore, as mentioned | 


above, demonſtrates the error of ſuch a ſuppo- 
ftion. 


It appears to me, chat the ſpace between the 


If an object be placed beyond the focus of a convex lens, 
and if the eye be cloſe to the lens, it will appear confuſed, but 
very near to its true place. If the eye be a little withdrawn, 
the confuſion will increaſe, and the object will ſeem to come 
near; and when the eye is very near the focus, the confuſion will 
be exceedingly great, and the object will ſeem to be cloſe to the 


eye. In this experiment the eye receives no rays but what are 


converging ; and the point from which they iſſue is ſo far from 


being nearer than the object, that it is beyond it; notwithſtand- 


ing which, the object is conceived to be much nearer than it is, 
2 no Ty diſtinct idea can be formed of its preciſe diſtance. 
V. Barrows Optical Lectures. A 
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alerts by the varied aftion of the cryſtalline 
lens; as we have reaſon to believe, from its ſtruc- 


"TIO! 


ture, that there is a great ſeries of progreflive 
convexities between the extremes. If the ad- 
meaſurements of the different parts of the eye, as 


given us by Monf. Petit, are correct, the diſtance 


of perfett viſion will be near 24 inches: that the 


eye, in its natural Rate, can ſee objets without 


any alteration ; in near ſituated objects, the di- ; 
verging rays. will not be united at near one tenth. 


of an inch behind the retina, and parallel rays 


nearly as much before. The ſtructure of the eye 
vill not allow of a fufficient removal of the eryſ- 


talline, for it is ſituated but a little more than one 

tenth part of an inch from the cornea; we never 
ſee it advancing ſo far as to force the iris for- 
wards; nor can any alteration of any part of the 
eye but that of the cryſtalline ſuffice : for, to act 
as a fimple lens, it certainly has a too complicated 


apparatus; the different curvatares of its different 
fides, the accommodating texture of the external 


| lamina, and its ſoperior denſity to the other me- 


dia, muſt evidently ſhew, that an occafional al- 


teration in its form will anſwer every purpoſe, 
without producing the leaft derangement. If, for 


| viewing near-fitnated objets, the anterior portion = 
is rendered equally convex with the pofterior, 
diverging rays will be converged on the retina ; 


when rays proceed from remote objects, fo gently 
diverging” as to be de- 


a . the poſterior 
porn 


4 
portion being diminiſhed in its convexity, will 
prevent a too quick convergency. Thus, from 
' radiants, remote and near the lens, becomes an 
equal double convex ; ſuch an alteration may be 
effected by its own powers. Albinus has proved 
to us its animal ſtructure; that it is not inſulated 
in its ſurrounding capſule, and has a vegetative 
kind of exiſtence; the central artery paſſing 
through the vitreous humour, ſends off ſome mi- 
nute ramifications; its delicate organization is 
evinced by its ſuſceptibility of inflammation, and 
ſubſequent opacity. If we examine the lens with 
a microſcope, when enveloped with its tunic, 
through the little intervening water a fibrous ar- 
rangement is eaſily obſerved, forming, as it were, 
three tendons, uniting in the centre, and "a 
atkted upon by parallel fibres, like thoſe of a bi- 
pennated muſcle; as the central angles of all 
theſe fibres being parallel will be equal, hence 
equally act. upon equal portions of the tendons ; 
as the ſphere is divided into fix different arranged 
fibrous portions, the central angles muſt neceſſa- 
rily be fixty degrees each. If then we ſuppoſe 
the motive power of one fibre equivalent to a 
Gngle grain, one eighth of the power vill be loſt 


by the obliquity of the action: on the wing of 


each tendon we may nearly count 50 fibres ; this 
produces 300 for the whole, whoſe united actions 


will be more than half an ounce. If this be the. 


| Wer of one lamen, 0 the lamina combined 
| „%% 


OE LW 


would fully effekt every thing: hen the lens be- | 
comes a double convex, we know its ſurface ne- 
ceſſarily becomes diminiſhed; | conſequently the 


action of the ciliary proceſſes will prevent any 


corrugation of the ſurrounding capſule. In fiſhes 


this lens is nearly ſpherical; by reſiding in . 
denſer medium than we, their eye is proportion 0 
ally larger, as the refraction of the rays is neceſ- - 


ſarily leſs. | It is thus, by an habitual and cuſto- 


mary conneRidn between an alteration of the 


cryſtalline, and the diſtance of the object, that 


when this lens becomes more convex, we aſſociate 


the idea of nearneſs, and vice verſa. From what 
has been obſerved, that our ſenſes are gradual in 


their acquirements, it muſt be ſuppoſed, that the 
firſt impreſſion which is made muſt be confuſed; and 
the object to which the eye would be directed 
would appear to be in contact with the viſual or- 


gan, as is well known to bave taken e in Che- 
ſelden's Boy. n / 


Upon this theory we may give a FEES EX= 


planation of the. phenomena of the horizontal ſun 


and moon. It has been already obſerved, that a 
ray of light is compoſed of ſeven portions, - each. 


poſſeſſing· different degrees of refrangibility ; 


conſequently, when paſſing through any ſimple. 


convex medium, they cannot concentre to one 
point, but form a circular ſpace of certain di- 


menſions. It is the different refrangibility of the 


heterogenes rays which conſtitutes this aberration; 
2 8 M a | the 


— 


5 5 


\ 
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hs ſpecibc gravity. of the nucleus of the lens is 

1.346, and that of the external portion 1 +o 
1 by this difference the aberration will be re- 
duced; the lens is conſtituted to converge all the 


different rays: theſe horizontal Iuminaries loſe al! 


the more refrangible rays, which are bent down 
by the ſpherical atmoſphere; while the red and 
orange, being leſs bent, are tranſmitted; theſe 


not being ſo quickly converged, an alteration is 


required in the lens, to make it more convex 
than what is neceſſary in viewing the meridian 
fun, hence imagined nearer, and conſequently 
larger: V. Newton, prop. 1. lib. 12 
Wich reſpe& to the magnitude of bodies, fi 
appear to me to depend upon a peculiar — 
of the expanſion of the optic nerve. ä 
When a tranſyerſe ſection of the eye has been 


made, we ſee the concavity lined by a ſemi-pel- 


tucid membrane, formed by the ſpreading out of 
che optic nerve. By being equidiſtant from the 
eryſtalline lens, it is properly ſituated for receiving 
an equal and regular impreſſion; being alſo of a 
white colour, it equally reflects all colours, and 
hence diſtinctly retains the impreſſed vibrations. 
On examining its texture through a glaſs which 
magnifies forty times, there appeared like a vel= 


vet daun upon its ſurface; the decuſſations muſt 
be. infinitely fine, fince this did not render viſible 


che leaſt interſtice ; a perfect uniformity in its ap- 
pearance, extent wen rcd by the mi- 
Loy | . | nute 


„„ 0 26 0 


1 branches of the optic 8 | own has 
_ ne Mg form this has been termed retina I know 


By accurately examining theſe threads or 


| cbribs, when thus magnified, they appeared about 


the ſize of a hair of the head ; a hair meaſures 
_ part of an inch: hence one of theſe little 


| ds will be equal to the _ thouſandth ben 


of an inch. 
Perhaps from this ſtructure it may 3 
why our powers of ſeeing are limited with reſpect 
to the magnitude of objects. If we ſuppoſe that 


ſuch are only vifible which can impreſs two or more 
of theſe fibrillæ, we ſhall then find a remarkable 


coincidence between the ſize of the ſmalleſt viſi-. 
ble object, and the ſpace that two of theſe fibrille 


vill occupy. De la Hire has obſerved, that he 


was enabled to ſee the ſail of a windmill 6 feet in 


diameter at the diſtance of 4000 WY the pic- 
ture at the bottom of the eye will be — 5 part of 


+4: inch, and which correſponds to Mey interval 


between two of theſe nervous fibrille. We may 


thus explain why ſome men may have more ex- 
tenſive powers of ſeeing, by having the fibrille 


ſtill more minute. Muſchenbrock tells us of one 


man he knew, who could count thirteen ſtars in 
the Pleiades, and could diſtinguiſh three ſatel- | 


lites of Jupiter. From the angle theſe would 


ſubtend, the picture formed at the bottom of the 


eye 


E. 


tw) 8 


te would be ; _ part of an inch; in ſuch a 


man the Rs Ta the fibrils would be leſs Y 
| than half the diſtance than in a common eye. | 


This will alſo explain the reaſon why we are : 
not ſenſible to any impreſſion on the optic nerve; 
in this part there being no fibrillz, conſequently _ 


not that ſenſible arrangement as to be ſuſceptible a 


of ſuch impreſſions. 

It cannot be difficult to conceive how, from 
experience, we may acquire an idea of magnitude: 
Berkley ſeems defirous of diſtinguiſhing the mag- 
nitude of an obje& from that of the picture; he 


ſays the former is invariably the ſame, while the 


latter changes, according to the ſituation of the 


that order, and according to thoſe rules, which 


obſerver; thus he farther obſerves, that when we 
are looking at the moon we ſee a round luminous 
plain, about thirty viſible points in diameter: if 
we advance towards it go or 60 ſemi-diameters of 
the earth, there would be no veſtige of its former 
appearance; the original object has long ſince diſ- 


appeared. This appears to me as ſtrong af argu 


ment againſt his own doctrine that can be ad- 
vanced; the mind, he does not ſuppoſe, ean 


change, it remains- invariably the ſame; and by © 


the creation of a material world, he means no 


more than that God had decreed, from that time, 


to produce ideas in the minds of finite ſpirits; in 


we call the laws of Na ature ; ſo that, according 
to 


— 


N . - ; 4 1 


NW‚&ôͥ 1 * F. ; 
10 this, it Js a love of Nature, ic as we e approach 8 
or recede from nothing, that nonentity ſhall vary 
in its appearance. How cafily are all theſe + 
Changes explained by the ſimple theory above at- 
tempted. In whatever ſituation we are placed, 
the objeſ of our ſenſes undergoes no change; 
ſuppoſing I am placed + :hin a foot of an exten- 
ſive building, only part of it then becomes an + 
obje&t of my ſenſe, as, from the conſtruftion of 
my eye, its powers of receiving light are neceſſa- 
_ rily limited. If the building is fifty feet wide, 
at the diſtance of one foot, it would require the 
bottom part of the eye to be thirteen inches long 
to admit all the rays of light reflected from the 
building. How difproportionate would ſuch a 
| ftrufture be; how contrary to the purpoſes of 
our exiftence. As rays of light, in pervading 
the eye, neceſſarily interfe& each other a little 
beyond the poſterior part of the cryſtalline lens, 
the diſtance between this interſeRion and the in- 
ternal baſe is about half an inch. If we ſuppoſe 
the fibrillated part of the retina to be an inch in 
extent, it muſt appear evident that the eye, to © 
embrace the whole object, muſt be placed at © - 
diſtance not lefs than half the width of the build- 
ing; in this caſe, to ſee the whole, we muſt be 
f 25 feet from the building. oy 
Why then does it vary in its appearance as we 
approach or recede? It has already been re- 
: IEG; chat © a windmill fail, 6 feet in diameter, 
L | Was 
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- was viſible Ee If ods wid had it 
been g feet only, it would not have been feen. 


- + Suppoſe a building divided into portions of 3 


ſeet, at the above diſtance ſuch parts could pot 
| tbe ſeen, as the picture of ſuch would not be 


equal to the interval of two fibrils; but 6 feet 
wil impreſs the ſpace of 5 — — part of an inch; to 


that the eye is, in fat, not 1 by any of 


the intermediate parts of the object; as we ap- 


proach, the rays of light are more diverging, and 

conſequently the ſpace of 6 feet will produce a 
picture which. will cover or impreſs a greater num 
ber of fibrils; it is not thus the object that is 


changed, or the quantity of rays of light any 


ways altered, but a, neceſſary conſequence of our 


organization. A fly, we know, from its ſtruc. 


ture, from the thouſands of diviſions of each cor. 
nea, the radii of whoſe corniculz are not. more 
than the thouſandth part of an inch, can neceſ- 
farily converge rays proceeding from objets at 
the two or three hundredth part of an inch ſituated 
from itſelf, nearly two thouſand times nearer than 
we can: inſects infinitely leſs than a fly even this 
ſpace may appear a world: the eye of a mite, 


how exquiſitely fine, and, if there is any analogy 


in ſtructure, how inconceivably delicate, muſt the 
nervous fibrils be; and there may be. inſets to 
vhm a mite is an elephant We may even carry, 


5 our imagination ſo far, as 6 ſuppoſe, avth: Male 


branche 


- * * * 
£ + 4 42 
ed p 


- 


. % 85 
branche and Valiſneri, that in a "wok our viſual . 
powers are not capable of diſcriminating a world 


may be contained 155 


Why we ſee not Objefis tiftinftly when placed 
nearer than ex or Jeven Inches. 


- 


Tt muſt appear evident, that all the rays of light 
which are thrown from any particular part of a 
body, or external object, unleſs they form a cor- 
reſponding and proportionate part on the retina, 
the whole impreſſion muſt be confuſed. If I am 
placed at ſuch a diſtance from a houſe as a ſquare 
yard of the building will occupy upon the re- 
tina, an area of one tenth part of an inch, every | 
other ſquare yard of the building being equally 
repreſented in the eye, there will then be a pro- 
per ratio between the picture and the object; if, 

inſtead of one tenth of an inch, it ſhould be ſpread 
over one fifth of an inch, the ſame fibrillæ would 
be impreſſed, at the ſame time, by rays of light 


* Cid che in queſto cagiona il noſtro errore, fi &, ch eſſendo 
la noſtra viſta limitata, noi penſiamo, che, anche tale ſia F eſ- 
tenſione, de corpi, ed al contrario I eſtenſione de corpi & in 
um ſenſo infinita, ed una piccola parte di materia, che fi naſ- 
conde ? noftri occhi, è capace, come dice F autere della reverca 
della verità di contenere un mondo, dentro il quale ſoſſero tuttæ 
quelle ceſe, a proporzione pid piccole, che nel noſtro mondo, 
in cui viviamo, fi trovamo.  Palifneri, part. 1, chap. 9. 
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A ) 
2 different paris of the object; ſo indeter- 
minate would the impulſes be, that only a 
confuſed ſenſation would ariſe: this muſt be 
the caſe in both the near-ſighted and the aged 
eye; in both the rays become diſperſed, with 


this difference, in the former, the rays unite too 


ſoon, i. e. before they arrive at the retina; and 
in the latter too late *: moreover, the fibrillæ 
require that they ſhould be impreſſed by the 
united rays, that there may be a peculiar effect 


reſulting from the rays thus combined into a 
point, and each point impreſſing a ſingle fibril; 


this appears to be the reaſon why Nature has ſo 
beautifully arranged the eye, that no aberration 
or wandering of a ray of light ſhall be pro- 

duced T. Dr. Jurin, in his very learned Eſſay 


on diſtin and indiſtin Viſion, ſuppoſes, that in 


near-fituated objects all the rays do not unite, if 
the central part has the _ an 


4 


+ Euler fappoſed the eye verfeAly a chromatic, but Dr. 
| Matkelyne has computed the diameter of the cirele of the aber- 


ration upon the retina, and found it to be . 002667 of an inch. 
He thinks ſome ſuch aberration is neceſſary to account f for ths 
ſenſible diameter of ſome of the fixed ſtars, 


+ The cirele of aberration may be tins explained: in making 


_ uſe of a common burning glaſs, it is obſerved, that the rays af 
light, in paſſing through the glaſs, are not united into an exact 


point, but form a circular ſpace of ſome dimenſions, greater 
than ought to ariſe from the image of the ſun; the excels is in 
conſequence of the aberration of the rays. 


2 | , | quantity 


% 


« LS Oe. 
quantity of light, will only appear canfaſii about 55 
the extremes; if I am looking at a crown piece, 
placed within four inches of my eye, the middle 
of it I ought to ſee diſtin&, and only the edges 
confuſed; as the rays of light do not impreſs 
the retina in united points, but form thereupon, | 
from their conical directions, many circular por- 
tions, what ought to have been united into one 
point, are now diſſipated over a larger ſpace, and 
| which he calls circles of diſſipation. It is eaſy to 
conceive how all theſe circles of diſſipation will 
produce an equal intenſity of light in the central RK 
part of the image, and faint towards its bounds. — 
To me, in praftice and theory, the whole appears "3. 
_ equally confuſed; the ſame fibril is impreſſed by „ 
as many different rays as there are circles of diſſi- : 
| pation; there is not that impulſe neceſſary to 
perfect viſion. If I might be admitted to con- 
jecture, I would ſay, that the neceſſary effect is 
that which ariſes from the production of a third 
motion; that it is the reſult of the compoſition of 
forces, as the rays of light, before their union, 
are moving in different directions; at the point 
of union the combined power is not equal to the 
ſum of both, but varies as the rays are inclined to 
each other, GILES. 
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. PIE ang on the Fibrille. _ 
Auer tho ſe which are weaker. 


"At the 3 of 1 25 FOR morning wk 
WT light increaſes, the eye begins to be illuminated 


by the reflection of the atmoſphere; the ſtars 
grow faint, and diſappear by degrees; the moon 
loſes her luſtre, and, at length, her light i is over- 
powered by that quantity which is diffuſed over 
the hemiſpheral regions T. All of us muſt have 
obſerved the duſty particles floating i ina beam of 
light let into a darkened room, but which diſap- 
| pear as ſoon as the room is enlightened. It is 

- theſe duſty particles which produce the ſcintilla- 
tion of the ſtars; in bodies placed at ſuch an im- 
menſe diſtance, ſo infinitely ſmall the angles they 
ſubtend, as to be partially obſcured by ſo minute 
| particle ; ; this may be illuſtrated by a very am- 
ple experiment: if we place a ſmall piece of 
looking-glaſs,on the ground, ſo that it may reſleſt 
to us the ſun's light, when at about go. yards, 
it. t. has a r uniform luminous panes, 4 : 


bo From theory it would Her that the light of abs. moon 
would not appear to be more than 90,000 times weaker than 
the ſun ; from ex experiments by the celebrated Bougouer, it was 
aſcertained to be 300,000 times weaker. This demonſtrates 
how fruitleſs the attempts of Boerhaave and others muſt be in 
endeavonring to produce any ſenſible heat from its concentration. 
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the * 1 when we remove one hundred 


yards, we perceives its twinkling. 


Although we cannot ſee the ſtars in the | 
day-time, yet either in a deep well, or by ia 
teleſcope, we can ſee them. Mr. Ludlam has 
conjedctured, that as a ſtar is a point, in view 
ing it through a teleſcope the ſurrounding ſæy 


appears fainter, becauſe the light is diffuſed over 
a larger ſurface; while a ſtar hath no linear 
dimenſions, hence preſerves its ſame intenſity. 
In this explanation there ſeems many difficulties; 
if a ſtar is a mere ſimple thread of light, how 
comes it that we make it vary in its appearance, 
by altering the glaſſes of the teleſcope? or how 
would this explain its being ſeen in a well? It 
appears to me to ariſe from this circumſtance® : 


ſuppoſing a ray of light, when emanated from a 
luminous body, by reflection loſes one third, 
every ſucceſſive reflection the loſs increaſes in a 


certain ſeries; in the ſecond reflection, let it be 


granted it loſes one half, the third three fourths, 


* That by every ſucceſſive 2 of light a greater pro- 
portionate quantity is loft, according to the number of re- 


flections, I am more convinced, from repeating ſome experi- 


ments of Buffon on reflecting mirrors; the exact decreaſe I have 
not yet aſcertained : by inclining fix mirrors, ſo that the reflec- 


tion from the firſt ſhall fall on the ſecond, this on the third, &c. 
the image of a lighted candle becanie fo faint, as hardly to be 


diſtinguiſhed ; this method will afford us ſome ratio between the 
intenſity of light diffuſed over the 8 and the ane on 


ay firſt mirror, 
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Kc. if we fuppoſe the light difuſcd over the he. 
miſphere loſes one third by being reflected to 
us; yet in that ſtate is equal in intenſity to the 


light emitted from the ſtars; the ſecond reflection 
of the ſky is only the firſt of the ſtars; ſo that we 


mall find the decreaſe of the former is more ra- 


pid than in that of the latter; thus 2 of 2 


will expreſs the ſtate of light after the 68d re- 


flection; while 3 — 3 = + the quantity of light 
- "as flar after the firſt refleQion, which being one 


ninth greater, is conſequently viſible. 


That Impreſſions on the Fibrille & nab 


ceaſe the Inſtant the 2 ect 15 removed. 


| Sir Iſaac Newton ſuppoſed a an impreſſion kite 
laſt about a ſecond; the Biſhop of Llandaff, by 


| 2 more accurate experiment, aſcertained it to be 


of a minute; thus, when a lighted body is 
T5 
turned round, it appears like one continued lu- 
minous circle; the ſucceſſive impreſſions take 


place before the preceding ones expire, and 


produce an idea of continuity. A remarkable 


example, illuſtrative of this, occurred in a watch- 
maker in Paris; when I refided there he lived in 


| the Quai des Auguſtins; he had a remarkable vi- | 
| bratory motion of the globe of the right eye in 


an uniform continued action. Monſ. Andravi, | 


who had attended him, told me that, a8 near as 
he 


t 


he could obſerve, a vibration cotreſponded to an 


arterial pulſation, and yet the minuteſt part of his 
buſineſs he could ſee without the leaſt interruption; 
indeed, that eye he perceived ſtronger. than the 
other, although. Borellus ſays the left eye is ae 
the Rronger. : 6 


— 


How the  Inpreſſons are 4 Ane ſhed. 


From what has been already obſerved, it is 


almoſt impoſſible that a ray of light ſhall emerge 


from a body in every reſpett in ſimilar circum- 


ſtances, with the ſame degree of inclination, ſo 
that the reſulting momenta ſhall exactly correſ- 
pond; the ſame body will impreſs each eye in 
preciſely the ſame manner; when theſe impreſ- 
ſions have been frequently repeated, the mind 


recolleQs the ſimilarity of the impulſe, and affixes 


that name which has been in general aſſumed. 
Some have conjectured, whether impreſſions from 


ſimilar objects on different men vary or not? It 
would produce no confuſion, as the ſame name is 


generally adopted, If we ſuppoſe a ſcarlet pro- 
| duces an impreſſion on one perſon's eye equal to 
two, while a blue ſhall only be equal to one, 


whenever he has the impreſſion two, he aſſociates 


the idea of ſcarlet, &c. Suppoſing this was re- 
verſed in another perſon, ſcarlet would then be 
aſſociated with an impreſſion equal to one. 


| Although 


cd. 


Ke. if we ſuppoſe the light diffuſed o over the he. 


miſphere loſes one third by being reflected to 


us; yet in that ſtate is equal in intenſity to the 
light emitted from the ſtars; the ſecond reflection 


of the ſky is only the firſt of the ſtars; ſo that we 


ſhall find the decreaſe of the former is more ra- 


pid than in that of the latter; thus - ＋ of +=+ 


will expreſs the ſtate 4 light after dis 65845 
llection; while 2 = the quantity of light 
in a ſtar after the firſt =D ey which being one 


ninth greater, is conſequently vitible. 


| That Impreſſions on 1 Hbrilia do net 


. the lnſtant the e 2 removed. 


Sir Iſaac Newton ſuppoſed an impreffion . 


6 laſt about a ſecond; the Biſhop of Llandaff, by 
a more accurate experiment, aſcertained it to be 


- of a minute; thus, when a lighted body is 
turned round, it appears like one continued lu- 
minous circle; the ſucceſſive impreſſions take 


place before the preceding ones expire, and 


; = oduce an idea of continuity. A remarkable 


example, illuſtrative of this, occurred in a watch- 


maker in Paris; when I refided there he lived in 5 


the Quai des Auguſtins; he had a remarkable vi- 
bratory motion of the globe of the right eye in 


an uniform continued action. Monſ. Andravi, 


who had i attended him, told me that, ; 28 near as 
5 | he 


- 


(95): 


he could obſerve, a vibration cotreſponded to an 


arterial pulſation, and yet the minuteſt part of his 
buſineſs he could ſee without the leaſt interruption; 
indeed, that eye he perceived ſtronger than the 
other, although Borellus ſays the left eye is * 
the ſtronger. . * 


How the Inpreſſions are diſtingui ſhed, 


From what has been already obſerved; it is 
almoſt impoſſible that a ray of light ſhall emerge 


from a body in every reſpe& in ſimilar circum- 
ſtances, with the ſame degree of inclination, ſo 


that the reſulting momenta ſhall exactly correſ- 
pond; the ſame body will impreſs each eye in 
preciſely the ſame manner; when theſe impreſ- 
ſions have been frequently repeated, the mind 
recolle&s the ſimilarity of the impulſe, and affixes 
that name which has been in general aſſumed. 
Some have conjectured, whether impreſſions from 
Gmilar objects on different men vary or not? It 
would produce no confuſion, as the ſame name is 
generally adopted. If we ſuppoſe a ſcarlet pro- 
duces an impreſſion on one perſon's eye equal to 
two, while a blue ſhall only be equal to one, 
whenever he has the impreſſion two, he aſſociates 
the idea of ſcarlet, &c. Suppoſing this was re- 


verſed in another perſon, ſcarlet would then be 


aſſociated with a an impreſſion equal to one. 


pf * 


= 
3 
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a the vibrations in different beten op- | 
tic fibrillæ may not be iſochronous, yet, with re- 
ſpe to themſelves, they ſeem- to preſerve the 
fame proportion, as all agree that the impreſſion 
from ſcarlet is more vivid than from blue. 


| % 
ae” 0 * 


How we fee Objects fingle. 


11 would appear, that as the ſame. objeR is re- 


3 preſented twice to the mind, by being tranſmitted 


through two eyes, that we ought to ſee double. 
As the fibrillæ of each retina are in the ſame har- 


monious uniſon, impreſſed by fimilar rays, the 
actions induced muſt correſpond ; when this har- 
mony is deſtroyed by diſeaſe or drunkenneſs, ob- 


jeas will neceſſarily appear double. Dr. Hep- 


: burn tells us, that the late Rev. Mr. Forſter hav- 
ing been blind for ſome years with a gutta ſerena, 


was reſtored to ſight by ſalivation; upon his firſt 


beginning to ſee, all objects appeared to him 


double, and the two appearances approaching by 
degrees till they united . By means of two eyes 
we are enabled to take in a larger range, and ſee 
- objefs more diſtinlly. 3 

It does not appear neceſſary that preciſely the 


e ned fibrillæ ſhall be IE ” ** 


| „ 6 of Cheſelden 


en the young gentleman he couched, as he was relieved of ou. 


one 198 at once. 
| from 


NT IE 


1 


from the ſame point of an objeQ, as in caſes of 
2 ſquinting, where the axes of the eyes are not di- 
reed to the ſame objett, yet the object only ap- 
pears ſingle; this diſeaſe does not ariſe from any 

peculiar ſenſibility in any particular part of the 
retina, but a vicious habit contracted by a child, 
when ſo improperly placed as to ſee either the 
light, or any other wanne 10 with one 
eye W N * 


' FALLACIES OF VISION. 


From the ignorance of the ancients reſpetting 
the nature of colours, it is no wonder they ſhould 
attribute thoſe colours that are ſeen in the tail of 
a peacock, and which change with the poſition, to a 
ſpecies of deception, or, as Seneca calls it, falſe 
colours (Nat. Queſt. lib. 1. cap. 7.) ; while ſome 
ſuppoſed colour was the ſuperficies of the body; 
others, as Plato, imagined it was a flame iſſuing 
from it. It was the great Des Cartes who 
firſt ſuggeſted colours were only modifications of 
light; and had he not been biaſſed by his favourite 
Vortices, he would have been the Newton of the 
age ; fince the. priſmatic decompoſition of the 
| rays of light, and che obſervations of Nez ewton 


f 


- Ste Buffon and De la Hire on pquinting: 


— 


* 
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on babe reflections, refractions, and colours f 
thin tranſparent bodies, why they change with the 
obliquity of the eye, e no farther demon- | 
een. ©: | 5 
The crooked appearance of a an oar in water has 
been adduced as another evidence of the fallacy 


of viſion; here is no deception the rays of light 
are actually bent, becauſe they are paſſing out of 


one medium into another, and thus impreſs the 
eye in a refracted tate; it is rather ſurpriſing 
chat ſuch ſhould have been adduced by the an- 


cients, as they were acquainted with the moſt im 


portant properties of light. 
So objects magnified in a fog ar are not, as Berk- 


"ley fuppoles, owing to their being fainter, and 


conſequently imagined larger; if two fimilar 


{ized objects ſhould be placed fo as to be viewed 


through a fog, and the. one reflected as much 
light again as the other, according to this theory, 


ought not to appear ſo large; this effect we do 


not find: all objects appear not only fainter, but 
alſo larger, from the rays of light being refrafted 
through the miſty medium, and conſequently dif- 
fuſed over a larger ſpace; ſo that not only fewer 
rays enter into the eye, but thoſe which do enter 
are more diverging, the angle i is larger, and the 


5 4 muſt neceſſarily appear 8 


Every one muſt have obſerved that a fly paſling 


very new the eye has raiſed the idea of a large bird, 
5 | owing 


| to ” 

owing to the eye not then being prepared 60 » Lake 
ſo near a ſituated object; the light is diſſipated 
cover a greater number of fibrils in that uncon- 
verged manner as to produce a confuſed idea of 
a larger animal. | 

When we ſee a man at a Wüsten yards dil. 
tance, he ought to appear to us only half the ze 
as when at fifty, yet we obſerve no difference; 
a child of three or four years of age ſeeing a 
man a hundred yards off, takes him for a boy; 
ſo we, when placed in-a ſituation we have not 
been accuſtomed to, as at the top of a high build- 
ing, or the monument, or if looking upwatds at 


the dragon on Bow ſteeple, or at the elevated 


dome of a building, theſe ſufficiently ſhew that 
there is no fallacy in the optic powers; the num- 
ber of fibrille that are impreſſed by the ſame ob- 
ject is in the ratio of its diſtance. When we 
have been accuſtomed to contemplate an object 
at the diſtance of perfect viſion, we aſſociate this. 
appearance to the ſame object ſeen more remote. 
It 1s owing to this that a perſon, when viewing 
through a teleſcope a man at one hundred yards 
diſtance, and being told it magnifies one hundred 
times, is ſurpriſed that the man ſhould not appear 
one hundred times enlarged; not being aware that 
bis idea of the man is only the aſſociation from 
the appearance of him at the diſtance of twenty- 
four inches, or perfect viſion; the teleſcope only 
enlarges the real angle the man * ſo that 
O 2 ES he 


\ 
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| he 1 no 3 FRA if placed at the 
diſtance of one yard. 


Berkley, in the farther ſupport of his W = 
ſays, images excite the ſame ideas as real objets 


do; the repreſentation of a perſon in a glaſs, a 

picture: if Iam looking at myſelf in a common 

.  Tooking-glaſs, I always obſerve my own face as 
far beyond the glaſs as I am anterior to it. By 

tracing the rays of light which are thrown from the 

Face on the mirror, this muſt appear evident; the 


rays which are:thrown on the quick-filvered ſur- 


face of the glaſs are reflected to us in equal angles; 


the ſtate of the ſpreading rays on the glaſs mark 


the diſtance of the object from the glaſs, and 
which being added to the diſtance between the 
eye and the glaſs, will be the diſtance it appears 


to us; as conſequently the rays on the ſurface of 


the glaſs are juſt as diverging as the rays proceed- 
ing from an object es at the ſame diſtance be- 


bind the "glaſs, 


THE MOTION OF A RODY. 


Malebranche, who has endeavoured to prove 
the fallaciouſneſs of all our ſenſes, after attempt- 
ing to ſhew that there can be no dependance on 
our ideas of diſtance; from this he demonſtrates 
the errors of our fight with. reſpe& to motion; 
| TOY be i is ſo far _— wn bodies. moving 
: | with 
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with equal velocities, tbeir qultxities will appear 
to us in the ratio of their diſtances. Motion 


produces ſucceſſive impreſſion on ſucceſſive fi- 


brillz ; to talk of abſolute motion and abſolute- 
magnitude is abſurd; we can only compare the 
ſtate of one body with that of another, and there. 
fore all our ideas muſt be relative; as with mag=- 
nitude we ſhewed that our powers were neceſſarily 


limited, ſo alſo is it with motion: there may be 
ſuch imperceptible to us, yet to ſome inſects 
may be as rapid as a comet in its perihelion. 


What may be the limits of the leaſt and greateſt 


viſible motions, might be a ſubject of curious 


inquiry; we know impreſſions continue nearly a 


ſecond of time; we know, alſo, that a circular 


card, on which are painted the priſmatic colours, 


being briſkly turned round, appears white, and we 


may eaſily. conceive that a body may move with 
ſuch rapidity as not to be viſible; that its motion. 
may be ſo great as to entirely change the direc- 


tion of the rays of light, by * them its 


centrifugal power. 


We find all eternal * W which are the ob- 
| _ 


years exerciſe of the ſenſe of ſeeing, ſhould: have never experi- 


| enced that objects vary in their apparent or viſual magnitude, . 


according ag they are diftanced, yet ſuch has been maintained 


by philoſophers in no reſpe& contemptible ; thus Lueretius tello 


I ATIS 
Lunaque 


— = 
8 * * $3 N 225 4 1 


„ 7 — es * 
* 8938 * 4 a 2 Ly 


5 * 


7 


5 Te 102 * 
Jets of the ſenſe of viſion are ſack tir Elk 
quence of the light thrown off their ſurfaces 
producing certain actions within the eye; that 


chere are ſuch extent of powers as anſwer the 
purpoſes of our creation; although we cannot ſee 


thoſe minute particles which are viſible to micro- 


ſcopic inſets, we poſſeſs what they do not, a 
more extenſive range of viſion; thus each 1s ad- 
mirably calculated for the ſphere he is to move 


in: ſuppoſing we were endowed with ſuch pow- - 
ers of fight as to penetrate into the innermoſt re- 


cefſes of matter; that we could ſee the conſtitu- 


ent particles of bodies, and the interſtices formed 
by their mechanical arrangement; or, with Dr. 
Highmore, behold the magnetical efluvia dancing 
like ſmoke in circumgyrations round their re- 
ſpettive poles, ſhould we be ſo happy as we are? 
Could we then contemplate with ſatisfaction the * 
tions of thoſe bodies which now Je us ſo 


e five Notho e jawine luſtrans, 
Sive ſuam proprio jactat de eorpore lucem, 
- -Quicquid id eſt nihilo fertur majore figur, 
_  Quam noftris oculis quam cernimus efle videtur. _ 


Epicurus himſelf mentions ſuch an opinion in his is 8 to 


Pythocles. —V, Drogenes Lucretins, lib. 10. 


80 Mr. Hobbs, in his Philoſophical Elements, directly as | 
the ſun and moon are preciſely of the ſame ſize they appear to 


us: he ſays; © if diſtance took away any of the magnitude of 
t theſe luminaries, they could not be ſeen fo diſtinctly. It is 


rather ſurpriſing that. Mr. Hobbs, who was ny" a ed 


e — apen cane : | 
. „ na Hl Le much 
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much pleaſure? Would our eye wander sida 
along thoſe animated ſpheres on which it now de- 
lights to dwell, not knowing where to ſtop? No; g 
to us they would be no longer beauties; they” f 
vould appear like the gigantic inhabitants of Brob- 3 
dinag to Gulliver; the delicate ſmoothneſs would 4 
ſink into a loricated appearance, and inſtead of a by 
Venus de Medicis we ſhould have an alligator; 

the beauty of motion as well as of figure would 
be deſtroyed ; what we now admire, a bird gli- 
ding gently through the air, the beauty would be 
| loſt in the rapidity. of its flight; and inſtead of 
the pleaſure of contemplating a ſmooth running 
ſtream, we ſhould behold a cataract of Niagara. 
From what has been obſerved, I hope it will! 
appear that the ſenſe of ſeeing is in no reſpeds _ 1 
fallacious; that diſtance, magnitude, figure, mo- 2 
tion, and colour, are regularly and properly com- 
municated to the mind through the medium of the 
eye; that when we do err, it is an error of the 
judgment, and not of the ſenſe. The other ſenſes + 
I ſhall only curſorily examine, and afterwards | 
1 hall preſume to make fon general deductions. . 


N 


SENSE or HEARING: 


In the eye the. Tays of light 3 im 
preſs the nervous organ'; in the ear the elaſtic 
uren of the air are neyer in contact with the 


— 1 
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auditory nerve. -Noiiiiiiok this Sconce: 
in the communication, we ſhall have reaſon to 

23 obſerve a beautiful ee . e 

51 the two ſenſes. © | 

Whenever che air is ated on Ws the 3 0 
motion of an elaſtic body, ſuch an effect is in- 

duced, that when ultimately communicated to 

1 auditory organ the idea of ſound is excited. 

That ſuch depends on the air is evident from 
che common experiment of attempting to pro- 
duce ſound in an exhauſted receiver, and as the 
it is condenſed the ſound is inereaſed. 

Varennius tells us that Fredlicus, when at che 

top of the Carpathian mountains in Hungary, 

fired a muſquet, and which ſeemed to him like 
breaking a little flick, ee air "_— fo rare at 
that height. | 

__ Notwithſtanding theſe a fome k have 

Supa that ſound is produced by the impulſe 

of an Stherial nature; for Lord Verulam had 

remarked, that the greateſt found did not agitate 

any flame placed near it, * it were affected 5 
| * the gentleſt e . ä f 


F 


We 
Dre. Hattey lo cdl va, that 2 » perfor in n diving bel at 
a a great depth, where the air would be condenſed as many at- 
moſpheres as they were ſpaces of go feet each deep, in attempt- 
„ eee eee e n amor | 


85 eren ene end of \ bug pcs of inter with 5 
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We ought to W that ſand. i is no ways. a 
Coils motion to that of wind, the former being 
only the action and re- aktion of the atrial parti- 


cles, without any change of place; while-a wind 


is a motion of the whole maſs of air. The na- 
ture of ſound and wind may be well illuſtrated 


by water; when we produce that melodious tone 
by rubbing the tip of the finger with a gentle and 
equable motion along the rim of a half. filled 


drinking glaſs, we find the ſurface of the contained 
water thrown into a beautiful curdly appearance, 


and ſeems to move round with the rapidity equal 
to the finger; that there is no ſuch rotatory mo- 
tion we may eaſily evince, by placing a piece of 


paper on the ſurface which has no ſuch motion; 


here the particles of the water are acting and re- 


acting on each other, and ſometimes with ſuch 
violence as to fly out of the veſſel; particularly 
if the water is hot; while a wind i is more conſo- 


- 


: the SY is communicated very ; diftindtly to ts ther end; it 
has been ſuppoſed ſuch could not be induced by the action and 
re- action of all the particles. of the wood, as the effect would 
be greater than the cauſe; hence it has been conjectured that an 


ætherial principle, is diſſeminated through the interſtices, and 
this is thrown into action. As we well know that a large glaſs. 
receiver, by the llighteſt tremor, will change its ſpherical, form, 
and become ſpheroidal, ſuch a change could not be effected; 


without the particles of the glaſs e each untergeing + their qv <d f 
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. nant to waves where a maſs of water is moved. : 
| Galileo, the firſt who obſerved a ſenſible differ- 
' ence between the velocities of light and found, 
| eſtimated that found moved about 400 yards in a 


ſecond. Dr. Derham, by firing cannon on Black- 


| heath, more accurately determined i it to be 1142 
feet! in a moment F. 

The more perfeAly elaſtic a body is which 3 is 
3 the more equally it ſucceffively impreffes 
the air, and produces the moſt muſical tones; 
thus glaſs, the moſt perfeRly elaſtic of _ 895 
. the moſt perfe& tones. | 

The number of vibrations 'in a certain Gin 
| Sk the difference of tones. Sauveur, by ſome 
ingenious experiments on organ pipes of different 
lengths, has ſhewn to the production of ſome 
tones Are will be $1,200] vibrations? in a ſecond. + 

C . oy 


When a ftone is thrown into water, we perceive matey cir- 
cular waves are produced, all having the part where the ſtone 
entered as the common centre ; if near to this centre the water 
receives another impulſe at the ſame time, the circles which are 
formed freely and uninterrupted interſe& the other circles; 
theſe are not waves, not a motion of any maſs of water, only 
the action and re- action of the particles acting from a centre; 
as the circles ſpread, the power is more diffuſed, till ultimately 
| not being able 40 overcome the vis inertiz of the water, the 
| motion ceaſes. | 


+ The ſwifteſt windonl nows go feet in the fare ſpace 0 of 
dme. 

+ A fring going th deepeſt aca ons which th xr can 
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a body en firuck never at n 
ſingle ſound ; there are certain ſecondary. and ._. 
| ſubordinate vibrations attendant on the primary: 
when a fire ſhovel falls many ſounds are pro- 5 f 
duced, but the parts which produced them hav- 1 L 
Ing no muſical proportion to, one another, there 3 
ariſes a jarring diſſonance; ſo the note of ſwine 
is made up of many others, as if II from 
a faggot of pipes out of tune. = 

When ſeveral ſounds are arranged i in ſacceſ- 
ſion to one another in a manner nen to _ 1 
_ ear, it is called melody. 85 _ 

The art of pleaſing that organ by the. union hof 1 
ſeveral ſounds, which are heard z at one and the — ani 
ſame time, 1s termed harmony. „ I 
A chord, compoſed of ſounds whey: unn rr 
coaleſcence pleaſes the ear, is called a conſonance, 1 
and the ſounds are ſaid to conſonant one to the 


+ 


other; thus half a chord is the moſt perfect con- 
ſonance to the whole, and called an olive; 
two thirds is the next conſonance, and is called a 4 

fifth, and then a third, &c. When ſounds pro- 2 

| duced at the ſame time, each of them heard by — 


itſelf, being no ways coaleſcent to the ear, are 


diſtinguiſh vibrates * . in e ; » fond "+ hikes 12 
| brate 51,200 times in a ſecond, which is found by repeating the | 
ratio of 2: + twelve times = 12} X N N EX 


e 
3 „ termed ©. 


Ko 4 
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termed difſonances; : hs the ſecond and the ſee 
venth notes. 


be ancients 1 And 5 bk, 


and accounted for conſonances as an effect of 
proportion *. Galilæo was the firſt who attempted 
to account mechanically for the pleaſure we re- 
ceive from muſical ſounds, by comparing the 


vibrations of a muſical Way with * of” a 1 ag 
| dulum. ee 


TWO pendulums of is "REP 0 e in 
5 equal times; whatever their arches may be, they 
will be iſochronous: a pendulum four yards long 


will vibrate as ſlow again as a pendulum a yard 
long; hence the vibrations are as the ſquare roots 
of their lengths. A muſical ſtring being faſtened 
at both ends, is to be regarded as a double pen- 5 
dulum; hence not neceſſary to quadruple the 
length, in order to make the time of a vibration 
twice as great, it will be ſufficient to double it. 


Thus if we have pendulums of lengths cor- 


; reſponding to the ſubdiviſions of a monochord, 


the viſual conſonance in their vibrations will tell 


us where the auricular c one is alfo. | 


$# | FL 1 ; IE, 
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» Pythagoras IP not alan; it of A twelfth to be a concord, 


Da 


| 3 its ratio g: 8 neither multiple nor ſuperparticular. 


85 Nb rationes ee WR e _ = 


Multiple ieee prijportien is ; when one 1 
quantity contains another more than once, and ſuch an aliquot 
Ls as will exactly meaſ ure it without war remainder, 


ß 


— 
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Beſides this 3 the e by 3 
: being divided Into certain portions, where the $ 

moſt diſtin tones are produced, are, in their. 4 
lengths, in the ſame proportion to each other as 3 


the diviſiom of the __ of ere into the different — 
cause. 5 Ob. ; 
As the mind 1 of- viſual A we the : 
different impreſſions of light on the optic fibrills, | - 
ſo it judges of various ſounds by the varied im- : 
preſſions on the auditory nerves *; as, in the one 
caſe, by experience it determines the viſual pro- 
perties of bodies, fo likewiſe it ſimilarly aſcer= 


tains the nature of the ſounding wy when 8 4 
cuſtomed to its impreſſons. „ 2 
Although there is ſuch an agreement between ; 
theſe ſenſes, neceſſarily ariſing from the ham _ þ 
nious arrangement of our ſyſtem; yet they are tio 
be regarded as ſenſes diſtin and independent: |} 
although they appertain to one and the ſame ſoul, - -- 2 
they are to be regarded as the different chords IM 3 
_ appertaining to one and the ſame inſtrument, 3 


Future obſervations may evince greater coinci- 
dence, may ſhew a ſtill greater alliance; they | 
may approximate | like two certain mathematical - 5 
lines which can never unite T, | 1 


be e 3 
- On 0 ana cens 5 trois mille FI, cens tons 
differens tres diſtincts a Foreille & qui peuvent encore tre 
variës quant à la force. Sauveur Acad. Scien. 
I Tneſe are lines which may be drawn nearer and nearer the 
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ON THE SENSE or FEELING. 


"Thoſe p TR of our 88 Abs are more pe- 8 
culiarly calculated for the ſenſe of feeling are 
endued with a certain arrangement of nervous 
papille ve obſerve them peculiarly ſeated in the 
large winding ridges at the ends of the fingers, 
regularly diſpoſed in ſpiral folds; theſe, by the 
attention of the mind, are raiſed: and ereQed, 

and conſequently more enabled to embrace a 
greater number of parts of external objects. 
As theſe nerves are fimilarly arranged, it may # 
appear difficult to conceive how we are enabled 
- to diſtinguiſh ſuch a number of different bodies 
by the _ 1 an impreſſion was 
„ |  conlined 


eurve, — Oy wife wet, and 
are then faid to be a/ymptotes of the curve; io alſo two curves 
may be afymptotical. This is eafily explained by means of a 
eurve, called, by its inventor Nicomedes, conchoid, from its re- 
ſemblance to the curvature of a ſhell; right lines drawn from 
"the pole to the curve are equal; if a line be ſo drawn as to cut 
all theſe lines, and the interſected. portions are equal, then ſuch 
a line will be an aſymptote to the curve: as the lines drawn to 
the pole increaſe in their inclination to this aſymptote, area 
—. oa : 


; = 9 Il ne m1's pas 6t6 poſſible * n 8 par- 
+ faitement ſemblables, puſſent ſuffire A recevoir et à tranſmettre 


fans confuſion tant d iin * diverſes. * ma ſemble, que 
EE | 1 chaque 
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* 1 


confined to a ſingle nerve, the varieties would be 


diſtinguiſhed by force, and conſequently very li- 

a mited; if we carry our ſuppofition farther, and 
5 ſay, that from a centre ten or twelve nerves may 

branch from it, if a body preſſes upon any two 


of theſe nerves, as, for inftance, on the firſt and 
ſecond nerve, a certain ſenfation would be in- 


| duced; if on the firſt and third, a different ſen- 


fation would ariſe, in conſequence of the impreſ- 


fed nerves varying in their inclinations to each 


other, or the angles they form, and the reſulting 


force varying alfo, fo that even in twelve branches, 


by ſuppoſing two nerves only impreffed at a 
time®, there would be 80 different impreſſions 


nearly. If a body preſſes upon two nerves with 


a certain force, the nearer thoſe nerves are to' 


each other, the more ſtrong the impreffion wil! 


be felt; the more diverging the nerves, the weaker | 
the impreſſion muſt be T7. 


chaque fibre ſenſible ſeroĩt ainſi dans le cas d'un corps wlle 3 
As fois par pluſieurs forces, qui agiroient en ſens diflerens: ce 


corps recevroit un mouvement compoſe, qui ſeroit le produit de 


ces forces, et qui ne as aucune de ces forces en parti- 


eulier. Bonnet Palingen. | 
© 194 11+10+9+3+7+6+5+44+3+ 2+ 1-78. 


If they ſhould be inclined to each other in an angle of 66 
degrees, one eighth of their force will be Toft; thus every de- 


gree, more or leſs, there would be a variety: this is eaſily aſcer- 
_ tained on the doctrine of the conipoſition of forces; it is onyx, 


campleating a parallelogram by two other ſides equal in length 
and parallel to the two neryes, eee 0 


Such 


0 


— . roughneſs and ſmoothneſs, moiſture and 
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1 a ſuppoſition will explain why. we can dif. 

* tinguiſh ſuch. an aſtoniſhing variety of impreſs 

ſions, and particularly when we conſider the al- 
moſt infinite ner of nerves s diſperſed, over 
3 our bodies. I 
N It has 3 been, 3 that he variety 

of the poſitions. of the nerves may explain the 
variety of ſenſations of touch; when our fingers 

are applied to an objea, there is a ſenſation of 

reſiſtance induced; if we apply one finger, we 

know ſomething muſt exiſt which produces this re- 


gt 


* — 


= -- ſiſtance; the extent of this ſomething cannot be 


aſcertained but by embracing the extreme parts 
at one and the ſame time: as we are accuſtomed 

to view the ſame body we feel, we ſoon find a 
difffeulty to diſſolve an union ſo early begun, and 
confirmed by ſo long a habit; when we ſee a body 

5 wie have frequently felt, ve immediately aſſociate 
the tangible ideas with the viſible; the hardneſs, 


dryneſs, are ſo frequently combined with our 
. ideas of 3 diſtance, figure, on 


= „ 1 


* Some L which bave 8 1 nee is th” 
| "ſuppoſe that other parts of che body might acquire an increaſe — | 
of ſenſibility, ſo as to reſemble the power of feeling i in the papil- 

Iz; as ſome ingenious men have been born without hands or feet, | 
and yet capable of many exertions where we ſhould think theſe 
limbs were abſolutely neceflary. In the Leverian Muſeum, that 
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formed, that we are apy to . that in hos - 
two ſenſes there is a neceflary” dependanee on 1 
elch other *. To the farther ſupport of ſuch a 
ſuppoſition, it has been alſerted that blind men 
have beem enabled to diſtinguiſn colour by th 3 
feel. Surely it could not be imagined-that the — 
ceuutaneous papillæ were ſuſceptible” of influence 
From light. That there are perfons who can diſ- 
tinguiſh colours by the touch I not only believe, 
but one inſtance I am well informed of; this was 
only in dyed ſubſtances,” where chere is an evi 
dent difference to the touch; let any eee a 5 
a white filk gown, and a black fflk one after, with 
his eyes hut, and ie wil peretive a confiderable 
difference, from the alteration of che one having 2 5 
undergone in dying. "Surely: we would not cre 
dit char che rays divided By a priſin, and thrown | 


n n STAT e730 7 
+ Se Jon Mere le dus hep uwe defaced gent 
| ſonance which ſubſiſts between the ſenſations of ſeeing and bear- 
ing. 4 The diſtin blue, red, and yellow colours which are 5 
ſeen it; the drapeties of the Ronian and Florentine paintings 
though they have not that kind of harmony which is Produce'e 
by a variety of broken ad granſparent colours, have that efr 
aof grandeur which was intended. || Perhaps theſe diging 
„ = 4 coloyrs f ſtrike the mind more forcibly, from there not I 
« any great union between them, as martjal muſic, which is 1 4 
e intended to rouze the noble paſſions, has its effect from the — 
. ſudden and firongly-tharkeg tranſitions from one note t an- - 
en, whiah;that ſole f muſic Malts; whilſt that wien 
e js intended to move the ſofter e, the nage impercepti- 
bn melt into ons another.” 8 10 Ns; 
EE ſucceflively 
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] | kireeſlively, on a man's hand, that he would 'be 
able. to diſcriminate the different colours. 


- 


A blind man can have no idea of ns nor 
. man of ſound: a man horn blind experi- 
ences not the deficiency of intelle& as the one 


born. deaf does. In the former we know the 
mind has been capable of the greateſt exertion: 
All muſt have heard of Saunderſon, the late Geo- 
| mitrical Profeſſor at Cambridge, and thoſe pro- 


digies of learning who now exiſt, a Moyſe and a 
Goff. Wich the deaf man all converſe is de- 


ſtroyed; not having heard ſounds, he could not 
imitate: them; he would. never be able to exerciſe | 


the. powers of ;ſpeech,. and the acquirement of a 


few ideas would engage a length of time. When 
chgle ſenſes are enjoyeꝗ till the meridian of life, 
then the deprivation of ſight ſeems a greater in- 


gonvenięnce, although there is apparently a 
greater depreſſion of ſpirits in the deaf man, ariſing 
from ſeking all in ſuch actions he cannot enter 


into ;. this, comparatively ſpeaking, is a momen- 


% + 


_. tary, inconyenience;. when. retired within himſelf, 


when.man becomes. a man; all the ſenſes he needs 


he has. He who is deprived of ſight is, as it 
| were, confined within the tomb of his own body; 


0 1 


deprived o of. that extenhve 1 range he formerly en- 


4 ”ESIEE. 


Joyed, his, foul ſeems fetiered and chained, no 


; _— able to wing his flight, to ſoar wich Plato 


1 to Fn © ron ſphere,” Aer, 5 wenden be- 
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iag bor ever doſed, his 5-befter pare” is thus for 5 5 


ever impriſonedld. : 

＋ plumes 1 1 hive Pabel to advatice to 
expigin) the ſenſe of feeling, I ſhould ſuppole : are 
_ equally- applicable to the ſenſe of taſting and 
{mellingy I am not pretending! to any phyſiologi- 
cal inveſtigation of the ſenſes; I am making only 
ſuch: enquiries as to endeavour to prove that our 
ſenſes are faithful in the part they are to perform, 
are as extenſive in their powers as our exiſtence 
requires, and are more conducive to our happi- 
neſs than any other fotm we could ſuggeſt. 

By thus examining each ſenſe, we find their 
n are diſtinct, and our ideas formed by 
their compariſons muſt neceſſarily be ſo; if a man 
is blind, he can have no idea of colours ; if deaf, 
10 en _ page if devoid oa ſmelling, ig- | 


F 134 15 
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p __ . ie was the fight : > og 

IJ o ſuch a tender ball as th' eye confin'd, 4 
So obvious and ſo eaſy to be quench' x ok 
And not, as feeling, through all parts ; diffus', 

That ſhe might look at will through ev'ry bor 

Then had I not been thus exil'd- from en * 
As in the land of darkneſs yet in light,” wk 

To live a life half dead, a living dea, 2 

And bury d; but O yet more miſerable! - e 
ae wp ating A A e, „ 


11 15711 5 x 45375 OG 4 Samſon kerle. 


* Wea are e told * a blind pear gn the 3 he had 
received of the colour of ſcarlet, faid it muſt reſernble the m 
of a trumpet. 
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3 | tw). 5 
_ tang. of dd ſubſtances ; thus, if Jeftitats 
„„ of all his ſenſes, he would be like the nobleman 
Fo of Lauſannet; in a ſtate of perſett deliquium. - 
=. - When the nervous fibrils are impreſſed by ex. 
=: pov cauſes; how is ſuch an impreſſion commu- 
= 15 nicated to the mind? Here indeed we are in- 
13 : "volved 1 in impenetrable darkneſs, in a petfett ſtate 
_ of obſcuration ; the variety of conjeauures . ſtall 
further thicken the cloud which thus envelopes out 
mind. We ſee that animated matter poſſeſſes pow 
ers different from inanimate: we ſee that it poſſeſſes | 
powers of growing from within, while common 
matter only increaſes by the Li aggregation a f 


tent. Preroft, 1 1 2 3 
tkmanations of odorant fubftarices perceptible to the fight ; When 
ES ee, eee it/is Imttediately 
 _ _madved, by a ſwiſt rotatory motion, | Romieu had 
[pate this obſervation, and attributed it to the S 
ment of electricity: theſe odorant ſubſtances evaporate 30 
or 40 times more quick in water than in the open air: May not 
the volatile effluvia being ſo quickly evolyed, by meeting with 


WS ſome reſiſtance. from the e e e 258 


3 % N | tatory mdtion ? 8 


5 Monf, Croaz mentions kin ein the Acatemy bf Science: 4 
G 5 aa nobleman of. Lauſanne, in giving orders to a ſervant, ſud- 
:  _denlyloft his ſpeech and all;bis: ſehſ6s3 he rethained in this 
—_ ſenſeleſs ſtate fix months, and when he recovertd' his aſked his | 
= -. . ſervant if he had executed his commiſſion, not being ſenſible 
that any interval of time had elapſed during his illneſs. Van 
Swieten relates the ſame in his Commentaries, on Boerbaave' 8 
Aphoriſinis; and Mr. Bellay, in her Memoirs, mentions a 
fimilar tel a lay tethaling for a week in a Hate el this 
fp. particles 


„ 


gde — What this difremes" 1 ah ZN 
know not; nor, upon the leaſt reflection, 'could  _ 
ſuch a knowledge be ſuppoſed poſſible. To com- | 
prehend any principle, requires firſt. a ſupetiority; | 
if this be granted, how can one prisciple com- 
prehend itſelf? A piece of iron may as well per- 
ceive its on arrangement, as the ſoul the nature 
of its own conſtitution; ſuch appears to me an 
incontrovertible argument of the exiſtence of 
both: thus if I preſume to ſay I comprehend'the 
floxions of Newton, and the reſidual analyſis of 
a Landen, may I not venture to conelude that 
ſueh a comprehenſion implies a ſuperiority of the 
mind to ſuch purſuits? and ſuch a comprehenſion 
muſt neceſſarily demonſtrate a. principle under. 
— _ and a priveidle underſtood. 
The ancients *, very ſenſible of the difficulty 


<> explaining the adi of matter on ſpirit, far. 
we there muſt be ſomething of a ſubtile nature, 
forming a line of diſtinQtion; they ſuppoſed the 
nervous fibres are fine tubes, replete with an 

' ®therial vapour; the teu i of Hippocrates; 

this they called animal ſpirits; while ſome have 

* Wm them of an exploſive. nature f, others 


From 1 LT of Cicero, it has been foppoled he ima- -_ 
: gined the ſoul material, yet, aſter many ſuppoſitions, he con- 
feſſes his ignorance. Anima fit animus, igniſve, neſcio; 
nee me pudet ut iſtos, fateri neſcive quod néſciam. Illud, 
e ſi ulla alia de re obſcura affirmare Weber ſive⸗ 
e ignis ſit animus, eum jurarem elle divinum.“ Te. 
t Dr, Wills, 5 
have 


ES ts 118 135 'J 
ꝶg¾) fancied chin of a faponaceous conſiſtenee , 14 
no ſuch tubular appearance could ever be diſco: 
0 vered. Dr. Briggs conjectured that the nerves 
' were ſolid filaments, of prodigious tenuity, and 

when atted on, vibrating in the ratio of their 
lengths and tenſions. Newton, prepoſſeſſed with 

= / aQ2n idea of æther, ſuppoſed that this pervades all 
bodies, and that the vibration of this medium 
mauay be propagated along the ſolid, pellucid, and 
ES uniform capillaments of the nerve. Upon this 
conjecture Dr. Hartley has endeavoured to de- 
. very ample ſyſtem, concerning the facul- 

ies of che mind, from the doftrine of vibration, 
4H | . | joined wich that of aſſociation. By vibrations 

5 ; Dr. Hartley does not mean a pendulous- like mo- 
tion of the whole chord, only an oſeillatory mo- 

4 tion of the ſmall t, infiniteſimal medullary parti- 
cles, ſimilar to the adtion and re- action of the 4 

aErial particles in the caſe of ſound: When an 
- impreſſion. is made, vibrations in the æther re- 

cading in the pores are excited; thus the impulſe 

_ affefts both the nerves and the æther, ſo that theſe 
mutual actions impreſs and increaſe; the denſity | 

of the æther; which will agitate the nervous par- 

f ticles. with ſynchronous yihrations ; hence. this 
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1 The particles which vibrate are of it thi e e and not 
Abe ede on dich the operations of chemiſtry and 
dae een ef tis 5 1» Prop. IV. vol. 1. 
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ROWE is to be e . and dapper 5 
ing the vibrations ” we ee not. as "oxching Y 
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them originally. e n e 
Theſe 1 "RY e are eoamntubedies 


to the brain like the electric W p gs W hempen 
fingen 5 | 
However homogeneous and pellueidd the ner- 
vous particles or infiniteſimals may be, they can 
never tranſmit an uniform equalized motion; for 
tremors will decreaſe from diffuſion in the ratio 
of their receſſion from the centre of action. Why 
Dr. Hartley ſhould: thus have made uſe of an 
Etherial ptineiple that he himſelf confeſſes he un- 
derſtood not, I cannot comprehend; although 
he has no direct evidence of its reality, yet he 
fancies he. has the ſupport. of indire& evidence; : 
and comparing it to the ſcience of algebra, that 
we may arrive at a true concluſion from a falſe po- 
ſition. Pr. Hartley ought to have been aware, that 
in an algebraical analyſis we muſt have ſome. data; © 
in vain could we' proceed with preciſion and cer= - oo 
tainty, if what are given to us are merely hypo: | 
theſes; in vain could we expreſs the nature of a — 
curve, unleſs we knew the relation between an 1 
abſciſs and its correſpondent. ordinate, whether, 
; with Des Cartes „, we conſider the geometricall AM 
mode, fer with Neuron, the CINE WER 5 . 4 
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"0 Des Cartes was the eint who gomentcally be how te 
e a curve. . 
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RY the ſuppoſition ofa nervous W 
dee thivg of an electrical nature is equally 
_ objeRtionable; the obſervations of a Galvani: of 
Valk do not tend in the leaft to elucidate the 
ſubject. Where are ſucb actions ultimately t 


terminate 902 To * the mind 790 cannot; 


b ing. Des ws Wage ane 
7 THI 38 
+ > On nl» faith hen ue peruſe, _ Cots of 
different phyſfiologiſts reſpecting the ſeat « of . the, ſoul. Hippo - 
crates ſuppoſed it was in the left ventricle of the heart. Tyan 
wap i 16 pere rü i ty Af NN. Such wis 
alſo Ariſtatle s opinion, (v. Ariftot: de Suxentute et Senectute, 8 
e. .). M Hobbs, although hejrgfplyed fende into EG Cen | 
Batter, yet he here thought was the centre. of action, (v. Elem. 
Phil. c. 25. art. 5.) Galen finding the flomach a faithful Por- 
ter, to watch that nothing ſhould enter "conftitiition which 
__ could any ways injure it, here "fancied che foul was Suat, 
- the fame idea was nfierwards entertained- by the celebrated Van 
| Helmont, in his Kiſay on the Seat of the Soul. Des Cartes, 


| thinking the ſoul ſhould be ſeated in a central point, and ob- 


ſerving the pineal gland was the only ſuch exiſting i in the brain, 
| wyas determined by this to make it the ſoul's habitation; here he 


. eee eee eee which td the 8 


* Bantholine, — Whanten the Jeamed *apthar of gere 
br, have ſeriouſſy attempted to deprive the pineal gland 


| conarion of Des Cartes, of this honour ; they have 0 0 


chat it is too little to repreſent all the images; that the external 
 Herves do not here all unite; therefore could not receive the im- 
en of ſenſible oljects 3 and Jafily, that it was ſometimes 
tony, and ſituated in a place of excrements, and conſequently 
foil the peciss of things, and dirty nee, 1 
moved the ſoul to the ſpinal marrow. 1 

_Henricus ws the - of ** Canes maintained that 
there 
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impreſſion implies refiſtance, and reſiſtance mats - 
ter. Is is not more reaſonable to fuppoſe that 


the mind is not confined to any particular part « of 


the body, but diffuſed through every fibre ? 


Spiritus intus alit, tolam que infuſa per artus 
Mens agitat molem et magno ſe corpore miſoet. 


"RR we ſhall be relieved of che difficulty of 
ſuppoſing any communicating medium; the part 
immediately impreſſed is itſelf alive, and the por- 


tion of vitality entering into the organization of 
the body is proportionably influenced as the my 
is imprefſed. _ 

Some phyſiologiſts 570 ſuppoſed FR external 
objefts may immediately influence the mind, with- 
out previouſly exciting any action on the groſſer 


part of our frame. To ſuch a ſuppoſition there 
are many objections; as in ocular ſpectra, where 


there were in ſome unknown part · of the body a perſectly ſolid 
and ſmall particle of matter, incorruptible from its hardneſs, 
on which the ſoul was perched, (v. Philoſ. Natural. I. 4. c. 16.); 
ſome have ſuppoſed the membranes enveloping the brain, 
. others the Septum Lucidum, and Dr. More the fourth ventricle: 
more modern phyſiologiſts have not confined the ſoul to any 


particular part of the brain, but have ſuppoſed it may be 
diffuſed through a larger portion; thus Newton calls it the ſen- _ 


ſorium, which opinion Locke ſeems to ſupport: from the great 
ſenſibility of the diaphragm, Buffon conjeCtures its refidence 
may be here; and Dr, Hartley ſuppoſes there may be an infini- 
_ tefimal elementary body intermediate between the ſoul and groſs 
body, but that the white medullary part of the brain is the. 
n | * to prop. 5. lib. * 


bi * ; 
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F are ation and ines of the nervous fi- 
brille, to ſuppoſe. ſuch of the mind is rendering 


it material. Lord Kaimes ee he en when 
excited, acts out of the body. 


It ſeems more eaſy to fappole 8 that each organ 5 
of ſenſe poſſeſſes 4 percipient power “; that mat - 


ter, when ſo arranged as to be in a ſtate of orga- 8 
nization, a ſtate into which it has been brou ght 
by the powers of life, may poſſeſs that medium 


ä Ir communication, as more b to Gr Lend 
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e ite We in his aa Fatal | 
Life, ſays, that the matter of our bodies is as extraneous to 
ourſelves as any external matter whatever; that conſtant flux, 


| continually deftroying the identity of the corporeal part, ſhews 


how it may be alienated, and, in a daily courſe of ſuccelſion, 


changing its owners, Pe the * agent remains one Lana 
the ſame permanent body. 5 


During my idle hours laſt year 4 rm ſome W on 
the circulation of witality; 1 bave endeavoured to prove that ani- 
mated beings could not exiſt without the aid of matter poſſeſſing 
life; with every portion of matter we added to, our 1yſtem, a 
portion of vitality was added alſo; that when the matter * 
removed, the vitality remained, and the accumulated portions 


' might in ſome reſpects account for the increaſe of living powers. 


Such a ſuppoſi tion neceſſarily renders the mind diviſible; but 
diviſibility is not of itſelf ſufficient to conſtitute matter; it is. 
eaſy to conceive ſpace itſelf diviſible; nor does ſuch a ſuppoſi - 
tion in the leaſt militate againſt the immortality of the ſoul. 

Mind, ſoul, principle. of life, or by whatever name may be 
termed that part of animated beings which is not material, I 
mean one and the ſame, in this I alſo include the irritability of 
4 Gligen, the vis os of a Haller, * the — 


Brown. 
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effe of any impultz than that external objefs 25 


ſhould immediately impreſs the mind. 


Io the ſceptic, other proofs may be cin ; 
ill be will ſay there is a probability of the 
ſenſes? deceptions: let us endeavour to diminiſh 
ſuch probability by mathematical reaſoning : ſup- 
poſing he is in ſuch a ſtate of doubt, that the 
evidences for and againſt the veracity of his 


| ſenſes are equal; ſuppoſing an orange is pre- 
ſented to me, I ſee it, I taſte it, I feel it, I 


ſmell it, and, when preſſed, I hear the effect. 
Here then is a body that to each ſenſe has the 
probability of exiſtence; as the probabilities are 


equally againſt them, I will expreſs the evidence 


in its favour with reſpect to ſight; ſo of hearing, 


and the other ſenſes: this is the ſtate of proba- 
bility when independant of each other; when 
they all coneur in the ſupport of each other, 


then 2 X 4 F ; that is, the 
probability of our ſenſes being correct, is as 
3a © | 1 


bo however, muſt ante hit I do not much 
approve of the application of meaſure and cal- 


culation to things which do not admit of it; al- 


though, in this reſpect, I have the countenance 


of many celebrated writers, it appears to me 


like attempting to meaſure human affeRions and 
the moral worth of, ations by dire& and inverſe 
ratios; or “ as an eminent mathematician at- 
;P en to aſcertain by calculation the ratio 
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« in which the 8 of facts muſt decreaſe i 8 
<« the courſe of time, and fixed the period when 
« the evidence of the facts on which Chriſtia- 


e nity is founded ſhall become evaneſcent, and 
ce when, in conſequence, no faith ſhall be found | 
ce on the earth. 3 VNA 
g . | 2 | * 


PROPERTIES OF MATTER. 


THE opinions of the moſt ancient philoſophers 
reſpecting the variety of matter, were, that it 
originated from certain formed particles. The 


_ Zgyptians, from whom Pythagoras ſeems to haye 
derived his knowledge, obſerved that there were 
only five regular ſolid figures, terminated by plane 

| ſurfaces, which are all ſimilar and equal; viz. 
the tetrahedron, the cube, the oQahedron, the 

| dodecahedron, and eicoſihedron. It was ſup- 
poſed that all elementary bodies muſt have one or 
other of theſe regular figures. This ſyſtem ap- 


pears to have been adopted by ſucceſſive mathe- 
maticians, till the Ariſtotelian philoſophy had 


fully eſtabliſhed fell, The Homæomeria * of 


4 Amen 


by Homeomeria amounts to the ſaying; that 3 | 
nature is compoſed of parts which, before their union, were al- 
ready of the ſame nature as the whole; thus a bone is a compo- 
ſition of ſmall bones; rere IE TOR and 


a het; 
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| Anoxagoras, the water - making principle Y 
Thales “, or the fortuitous concourſe . of atoms 


of Epicurus t, although/they have had ſome par- 
tizans, yet have not been fo generally ſupported. 


Pythagoras, -Eudoxus, and Leon, have geome- 


c trically demonſtrated the properties of theſe bo- : 


dies; their elements N collected, and which 
* 33 cConſtitute 


— 
- 


Nune et Anaxagoræ ſectemur Homæomeriam, 
Auam Græci memorant, nec noſtrà dicere lingua 
*Concedit nobis patrii ſermonis egeſtas: 
Sed —— rem facile ſt exponere verdis, 4 
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Thales imagined ined water was the prineiple out of which 


every thing was formed; this he ſuppoſed from the apparent N 


| change of bodies, deſtroyed by fire, being converted into va- 


- poar, and this ultimately reſolved into water. This eee 


mont, not only from the. treaty of ates * all | 
from obſerying a ſmall willow, of five pounds weight, ac- 
quiring an increaſe of 159 b. in five years SIE" of water 
Dy. 4 


+ The 3 nt the primary 1 were of 
| different forms, as crooked, ſquare, oblong, and, indeed, of 5 
every ſhape; theſe, all in motion, and ftriving to come forwards, | 
all deſcending and traverſing the vacuum, fortuitouſly uniting, 


„„ ee eee eee planets, 


and man. They tell us that the eyes of man were not made 
| yon gs — that en On of 
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e his ſix firſt books, as e to 
the, eleventh; and, welfth, and which are peculi- 
arly appropriated. io the inveſtigation of theſe re- 
gular. ſolids. Theſe ſyſtems were all of a mo- 
mentary. duration, compared to the ſyſtem. of 


Ariſtotle ;; with his four material elements, and 


occaſionally | a fifth, a celeſtial quinteſſence of 


which he made a heaven or a ſpirit, he eaſily 


: formed. an univerſe; out of his ſtores of primitive 
matter bis ten categories: he had ſubſtantial forms 


and occult qualities at will, to explain any phæ- 
nomena; thus, by giving learned names to un- 


known cauſes, he involved the whole in a til 


greater. obſcurity, . Enquire of Ariſtotle what 


matter is, he tells you, Nat it is what is neither 
«. which, nor how great, nor what, nor any thing 


« of \ what. being is determined by,” (v. Phyſic. J. 1. 


E ult.): in another place he ſays, Malter is the 
9 ff ſujet of every things which TOM ſubſe ing 


CE f 
3 ne 2 1 as treats, 
Proſpicere ut poſfimus: et ut proferre vidi. 
Proceros paſſus, ideo faſtigia poſſQ. 
_ Surarum ac fæminum pedibus fundata : 
Brachia tum poro validis ex apta lacertis Bo Tee 
Eſſe, manũſque datas utraque à parte miniſtras, - 
Ut E quæ foret uſus. | . 
"Dd TS 
| Archdeacon' of Digne, the celebrated Gaſſendus. Epicurus: 
fancied motion Or es OE nn 


Red 1235 "05 Mota. | 
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Plutarch tells us, that when Ariſtotle publiſhed 
| his book of Acroamaticls, or Select Knowledge, 
that his illuſtrious pupil, Alexander, was offended 
dat he thus diſcloſed his philoſophical ſentiments 
to inſtru others as he had inſtructed Alexander; 
be anſwered, they were written in ſuch a ſtyle as : 
not to be comprehended by every capacity: : in- 
| deed it is too true. Who can underſtand the 
| Jargon of the above definitions? yet for more 
chan a thouſand years has this ſyſtem reigned: ſo 
bigotted to it were the Ariſtotelian diſciples, that 
Bullialdus tells us a pleaſant inſtance of a Floren- 
FF. tine phyſician who could not be prevailed upon 
= do look through a teleſcope, leſt he ſhould fee 
1 ſomething contrary to the doftrines he imbibed. * 
+ Ariſtotle rejected the more fimple doctrine of the _ 


_, indeftruQtibility of matter, which was the prevail- 
= ingopinion, butendeavoured to eſtabliſh a ſyſtem 
=. of generation and corruption; with his matter, 
=_ form, and privation, he more eaſily. ſuppoſed a 
. new creation than a different * 2 5 
3B CE | | 4 e 
I p ) 


* Although it may be preſumed thus to criticiſe the Natural 

3 AE Philoſophy of Ariftotle, in a collective view he muſt be admired 

| 3 d i as a ſurpriſing genius; although, with Awverrboes, we may not 

5 ſuppoſe him the Limit of Human Nature, his Eſſay on Logic, 
his Philoſophical Obſervations, and Natural Hiſtory, . — 


= | merit our greateſt attention. When we reflect on Ariftotle, we 
=.” mould carry our mind to the period when he lived; we ſhould 
1 ; 8 5 


tw). 


1 prefiiine: 854 in this little Efay, t to examine 
dhe ſyſtem of thoſe atomiſts who reſolved all 
things into the motions and modifications of mat= 
ter; or the Eng” of Ln ir or the doe 0 


| think of the lite that was then known, frond the An 0. 
acquiring it. Although, with Laertius, we canndt conceive 
_ that he bad written 4000 books, yet probably more than the 20 
that are tranſmitted to us, as Pliny ſays he wrote 50 volumes on 
animals only; and Strabo tells us that Ariſtotle left his works 
to Theophraſtus; that they were buried for a length of time 
under ground; and at Taft were ſold to one Apellicon, of Athens. 
Seylla, on his conqueſt of this place, brought the works to 
Rome, and they were given to one Andronicus, of Rhodes, ts 
reviſe: to fourteen of theſe books, which had no general title, 
Andronicus prefixed the words 'Ta Meta, 'Ta phyſica, that is, 
 #he_books\pofterior to the 'pbyfics, meaning that they ſhould be ſtu- 
died neiet after the phyſics; 8 55 is ſaid to e eee the 
word mataphyſie. 
With reſpect to the Paths e of Ariſtotle, uch nach . | 
| parately ſuppoſed the principle of all thin gs. Thales, as has 
already been obſerved, ſuppoſed water and his ſueceſſors of the 
Ionic ſchool each endeavoured to overthrow what his predeceſſor 
had advanced; ſo fame chaſe. ai, 2 third fire, HOI 
_ © earth, Kc. | | 


. general, that any rat ud may ee in clin 
to a leſſer chord of the ſame kind, its tenſion muſt be increaſed 
in the ſame proportion as the ſquare of its length is greater; 
0 therefore, muſical chords extended from the ſun to each pla- 
net, that all theſe chords might become uniſon, it would be re- 
quiſite to increaſe or diminiſh their tenfions in the ſame propor- 

tions as would be ſufficient ts render the weight of the planets 
equal; from this fimilitude of proportions the . 85 of the 
n of 155 8225 is derived. | 
Fin. l. ii, c. 29, PD in miu. 
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trine of Plato x: neither do 1 mean to make any 
| enquiry into the variety of ſyſtems which only for 


a ſhort time have prevailed between the Ariſto- 


i telian and Carteſian period. Till the ſyſtem of 


Des Cartes aroſe, the principles of Ariſtotle were 


inculcated in every ſchool. . Des Cartes ſhewed - 
| how inadequate to the explanation of any phæ- 
nomena were the ſubſtantial forms and occult 


qualities of this philoſopher of Stagira; he re- 
jetted them all. Extenſuon, figure,” and motion, 


| were deemed by him ſufficient to reſolye the va- 


riety of appearances in the material world. « Om- 


nem materi variationem, five omnem ejus for- 
4 marum diverſutatem bendere a motu.” Princ. 
Philoſ.. So ſimple a ſyſtem, fo reverſe. to the 
7 abſtruſe dofrines of the Ariſtotelian ſchool, was 
ſoon almoſt generally adopted: the intricate la- 
| byrinth to philoſophy being removed, the path 
became ſtraight and eaſy; philoſophy, thus diſen- 
cumbered of thorns and briars, became ſo in- 
viting in her native attire, as to be —— wy 
royal females. 


' Newton, and other W have Cappoſed 15 


of that Des Cartes has gone into the oppoſite ex- 


5 Plato FOR to calls the thoughts of men above the objecs 
of ſenſe, and zealouſly maintained the pre-eminence of active 

incorporeal and intellectual beings; ; in his Timœus he takes 
notice of the inſenfible particles of matter which can only. be 
conceived by the mind and underſtanding, aſcribing different 
figures to them, r 5 
VVV 


/ 
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treme; ey have thought HE there are ſuch 
powers as gravitation, attraftion, and repulſion, 
which cannot be explained on Water principles. 5 
They ſay that there is a Conatus accedendi & rect 
dendi in aggregate bodies, inexplicable by any 
known properties of matter, hence ſuppoſed to 
ariſe from ſome inherent active power. 

We are alſo told by ſome philoſophers, that | 
there are inherent in bodies certain powers, which 
are brought into action when the bodies are 
thrown into motion, a Now, Wolfius calls PE 


viva. 
The RE of the Eſſay on the Powers and. 
Mechaniſm of Nature, ſays, that when. a body i is 
put into motion, a quantity of acceſſary active fub- 
| flance is received from the. agent which gave it 
motion;. this being received, it parts with it again; 
it moves by the preſence of this ſubſtance, and 
when the body is ſtopped, the active . paſſes 
on, and enters the obſtacle. 
Ancient and modern philoſophers ond fop- 
poſed that there are ſubtle media, ætherial princi- 
ples, imperceptible atmoſpheres, hovering round 
every particle of matter; that theſe exiſt in every 
body exerciſing the powers of attraction and re- - = 7. 
pulfion; as it were, an enlivening agent diffuſed -  _Þ} 
throughout, an impulſive action that continually, ß, 
impels. Other philoſophers have extended their — 
ideas farther; they have adopted the ſentim en: 
of the ancient Stoics, and of Spinoza; they have "IM 
e „ 5 „ 


- * „ e 
e that there is a ſpirit of life, a hk; of : 
divinity diffuſed thlough the whole material 15 | 
tem; chat all the parts of the univerſe are vital 
| links, which, united in one chain, 'couſtityte 
. 8 SR: . 
Theſe principles Dr. e colored þ into an 
animation of matter; he ſuppoſed that there are 
certain ſouls and fpirits reſident in all natural bo- 
dies, and commiſſioned to act in the ſeveral de- 
partments of nature. -, - 
5 While, on the contrary, Dr. Priefiley _ 995 
: poſed that all the actions of intellectual beings 
may be explained by the powers of the minute 
particles of matter, without the aid of a ſpiritual 


eſſence. “ A body,“ he ſays, « exiſts by its 


er powers of aitraction; overcome theſe powers, 
and you overcome its penetrability, and with- 
„out ſuch powers could no longer exiſt: theſe 
10 powers give it energy, give it activity. that 
atoms, by their exility alone, ruſh into intel- 
ect f. . 455 By n matter with ſimple ſen- 
55 G : tation, 


„ane Dei fo nif torr & 45. e 


Et cœlum & virtus? 3 
. eſt 3 vides, quocung ; moveris. 
| Lucan Pharſalia, lib. 9. 


4 Thoſe ho 3 matter may come to live, think and 5 
| ſpontaneouſly, by being reduced to a certain magnitude, would 
do well to diſcover to us that degree of fineneſs, that: alteration 


- 


3 „ at which matter may begin to think. 


— | 


e 1 1 
. he n to deftroy the immateria- 

| lity of the ſoul. Although by Hartley Dr. 

Prieſtley is guided, -yet he-regards the infiniteſi- 
mal elementary body and immaterial ſoul, adopted 
by Hartley, as an incumbrance upon his ſyſtem; 
be ſuppoſes, that in all the bodies around us very 

little matter exiſts; that each minute r » 

ing ſurrounded by theſe active powers, as to dif- 

+ fuſe a ſmall quantity of matter through a large : 
ſpace, if there had been no ſuch powers, Dr. 
Prieſtley ſuppoſed that all the matter of the uni- 

- verſe might be no more than what would _ a 

| nut ſhell. LEP „ 
a candidly and N examine all 
the arguments which have been adduced in ſup- 
port of the . of ſuch ens 11 | there 


=.» A OM that the paſſipity of body is in x proportion 
to the denſity, and leſſens as its denſity does; hence, to become 
ſpirit it muſt firſt loſe. all paſſiveneſs, and conſequently all den- 
ſity, and paſs through the term not matter in its progreſſion be- 
fore it can arrive at ſelf-· activity, and then 2 the contrary 
qualities; as the ſeries + 4 + 3 +2 +1 + Q = 1 en Yee 
8 4: nothing but infinite power can deſtroy its N „„ 
N FF * PEST 
i Eſſay on Philof.. Med. „ 
| Lord Bacon has n S that the ſpirit of ani- _ | 
mated bodies is diffuſed through the whole, without any. folution _ 
of continuity. The ſpirit of inanimate bodies, the parts of 
each having no degree of connection, the whole is not in a ſtate 
of union, ee ede _ power in a divided ftate, like, as he 5 
an ai is in ſow. | eee ae pct, bg Jo. 
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dare e leſs. difficulties attending the belief i in fuck 


powers, we ought not to heſitate a moment in our 
adoption. So, on the contrary, if all the expe- 
riments which are adduced ſhould be explicable 


on ſimple mechanical principles, we ought then 
to withhold our aſſent to powers which come not 
under the cognizance of our ſenſes. I will ven- 


ture to ſay with Bonnet *, that were I a materia- 
liſt I would not ſcruple at an open avowal; from 85 
c principles 1 perſuade myſelf 1 am not alth ough | 


I do not coincide with the ſentiments of Prieſt- 
ley, it is with the utmoſt deference that I preſume 


to offer any opinions contrary to his. Every 


doctrine which is advanced ſhould be unreſtrained; 
it ſhould' be left to riſe or fall according to its 
own merit. When civil power interferes, it is 

generally partial; when united with the eccleliaſti- 
cal court, almoſt A; ROO * | 


* 


The 


Non; ; je ne 5 point Materials; ; je ne crois point A hs 


| e de Tame; : mais je veux bien qu'on ſache, que ſi 


Jetais matérialiſte, je ne me ferois aucune peine de Vavouer. 
Bonnet Palingen. 

It mut be confeſſed that Bonnet was partly a Materialiſt: 
a regard de la force ou de la puiſſance qui opere evolution des 


parties preEformees, je ne penſe pas qu 11 ſoit beſoin de r recourir 


à des gualites occultes. Il me ſemble que Tinpulſio ion du cœur & 
4 ds pe eft une Tale phyſique qui fuffit à tout, 
„ Part 8 

3 Mes liberal mind muſt. 1 Aa Hirit of reſentment when 
be reflects on the unjuſt treatment of Bacon, Virgilius, Galileo, 


F ( 166) 
The arguments Which have been geotrally ad. 
vanced, in order to demonſtrate the exiſtence of 


certain active Powers, may” be ee to 1 wks 


following: 


. 7. The tendenen of light bodies ficating on 
the ſurface of water contained i in a veſſel towards 
the hides of the veſſel. 1 „ 


G The riſe of fluids i in a tubes. T 


"M2 The force with hich two poliſhed leaden 
ſpheres cohere. 


4. Relleciion and i of light. 25 7 | 


5. Expanſion of bodies _— heat, and. contrac- 


tion IN cold. 


and Vanini; ak; 2 not exclaim, 1 am for no Pontifex 
Maximus, as in Rome; nor high prieſt, as in Judæa; no Pa- 
triarch of Egypt; ; no Dairos of J apan, or Lamas of Tartary? 
In vain, under the cloak of religion, does the human heart en- 
deavour to conceal its paſſions; they are invariably the ſame: 

the conqueror differs not from the prieſt ; both are alike actuated 


by ambition and the luſt of power; the pride of Pe ene 


5 diſplays itſelf even in the exceſs of . . 


5 


— 


' theſe effects are reverſed ; the central part of 


# 1 - 
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n. mene of light Bodies den on 
"the Surface of Water contained in a 
92 . . the Sides of that 1 


Wen a claſs auth is ab filled with water, 
a thin glaſs bubble, or a piece of cork; placed on 
he ſurface, moves with an accelerated force to- 
wards the fide of the veſſel, is this tendency to 
be attributed to the power of attraction? When | 
ve examine che ſurface of the water, it is per- 
ceived higher towards the ſides of the glaſs than 
towards the centre; as bodies ſpecifically lighter 
than the fluid on which they float muſt neceſſa- 
rily riſe to the ſuperior part, the glaſs bubbles 
muſt approach the fides of the veſſels, If we 
cauſe to float a body which is ſpecifically heavier 
| than witer, but whoſe gravity is not ſufficient to 
overcome the vis ineriiie of the fluid, as a needle 
| fimming on water, we ſhall always obſerve a 
contrary effect; the needle will avoid the ſides of 
the glaſs, and tend towards the centre: that this 


cannot any ways originate from a peculiar repul- 


five power between the glaſs and needle, may be 


demonſtrated by placing the needle on a ſmall 
piece of cork; it then tends towards the, ſides, 


If the glaſs veſſel be entirely filled with water, 


the 


— 


( 137 "Oy 


the water becomes the higheſt ;; the glaſs bubble. 
flies from the edges, and moves with rapidity. to- 


wards the middle; the floating needle in this caſe 


does not retain its central ſituation, but moves 
with an inereaſing velocity towards the ſides. 
If in the firſt experiment it be ſuppoſed that the 


bubble is attraRed by the glaſs,” in the ſecond ex- 
periment we mult ſay it is repelled: i it is extremely 


difficult to conceiye how ſuch contrary powers 
ſhould be exerted, merely by a little difference 


in quantity of the ſame fluid. I have already 


＋ 


obſerved, that in the firſt caſe the water is higher 
towards the edges, and in the ſecond cafe towards 
the centre; it will then only remain to enquire 


the cauſe of this. A fluid acts equally in every 
direction, as all its component parts are equally 


obedient to the general preſſure; ſo long as theſe 


are uninterrupted, the ſurface is even and regu- 


lar. When a body is interpoſed, a reſiſtance is 
induced, and the preſſing action of the whole 


fluid is limited by the ſurface of the body. It is 


_ eaſy to conceive; how, by ſuch a general deter- 
mination, the fluid where interrupted will be the 


higheſt; as the fluid tends towards the centre of 
the earth, it meets with leſs reſiſtance in its cen- 


tral portion. When the veſſel is, as it were, more 


than filled, we find the fluid bigheſt i in the centre; 


in this caſe the fluid hangs over the edge of the 


veſſel, the gravity of the fluid not overcoming 


TEE the eee union of the n ; io that, 
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in fat dbb fvid: is ape Ted about the 
___ edges, in ebnfequence of a portion damm W 
= TaſpeniſGty ſtate ; the fame quantity fwelling | 
over dhe edges, when interrupted by a refiſting 8 
TY _— would render the kame ks DENT 
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. Re Riſe of Fluids in abel Tubes. : 


be e be of u very Mi dots b e 


in water, the vater riſes in the tube conſiderably 
Et above its ſurface; the increaſe of its riſe has been 
found to be in the inverſe ratio of the diameters 
_ of the tubes: this is obſervable in capillary or 


ASE Ladies” e N 1 ot 


1 gar, — 
This riſe has been geberehy areibaned to 2 
power called attraction of coheſion, a power inhe- 
rent in the tube of drawing the water upwards. 


When we immerſe in a fluid a tube of a nar- : 


| pow: bote, we find the fluid rifes to a certain 


height above the level. If a tube, twelve inches 


long, and whoſe bore does not exceed the'twen- 
_ | tieth part of an inch, be divided into twelve 
Parts, when one part is immerſed in the fluid, the 


water riſes near one inch and a half in the tube 
above the level; when two parts of the tube are 


 Imimetrſed, the aſcent of the fluid is not much 
more than one inch and a quarter; when a third 
AJ part is immerſed, the difference 1s ſtill leſs; ſo 
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— by: virtue of any 


5 60 3 
that when ten parts of the tube are n red: in 
the. water, the riſe is not more * a. quarter, of 
an inch: ben the whole tube is n the - 

_ aſcent is nothing. „ 
If che ſides of the. 4 cook he fluid to riſe 
15 ttractive power, why ſhould 

there be this gratlation in the aſcent of the fluid? | 


It appears to me that this is explicable on prin- 


. ciples more comprehenſible than thoſe which ariſe | 

from the ſuppoſition of unknown powers. 
It ſeems to depend on the different 1 of 

the air; the elaſticity of the air is always a coun- 


teradting balance to che general preſſure of the 


_ + atmoſphere; as a diſtended bladder preſerves its 
diſtenſion, becauſe the elaſticity of the included 
air is equal to the preſſure externally. 1f by any 
means the elaſticity of the air is diminiſhed, no 
longer a counteracting force, the atmoſpheric 
_ preſſure will then evince its power. Bodies of 
many kinds, we obſerve, that are very elaſtic i in 
a larger maſs, which are not proportionally ſo in 
a ſmaller ſtate, as glaſs, the moſt elaſtic of all 
bodies, is not conſiderably ſo when in a filamen- 
tous ſtate, as in glaſs feathers: ſo with air, its 
elaſticity being the action and re- action of its par- 
ticles; in a minute column we cannot expect the 
ſame elaſticity as in the ſurrounding unconfined 
air. By ſuch a ſuppoſition every circumſtance of 
_ capillary tube is cafily explained. When the 
| tube * 3 in water, the water meets with 
7 2 leſs 
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| leſs reſiſtance in the tube, conſequently the el. 

dure of che outer air will cauſe the water to riſe. 
When the tube has more of its parts immerſed, ; 
then the aſcent is not ſo great; becauſe the air in 


| tze tube out of che water being nearer the atmoſ- 


pheric air, neceſſarily increaſes in its elaſticity, | 
and proportionally refiſts the riſe of the water; 
this reſiſtance increaſes the leſs portion of the 
tube there is out of the water, till ultimately the 
reſiſtance is equal to the atmoſpheric preſſure. 
That the air in the tube loſes its elaſticity ly 
1 farther demonſtrated; by. obſerving! that the 
fluid will riſe toa certain degree when the upper 
end of the tube is not open. I have attempted | 
ſome experiments to aſcertain what ratio there 
1 dy be 1 in the Ry 1 ares in different | 


It may he objefted to this 8 FP J 
ks fluid will riſe in tubes placed within an ex- 
| hauſted receiver; but the ratio of the elaſticity of 
the air in the tube to that of the receiver will be 5 
the ſame as' above. I have not as yet obſerved 
_ the effects which would take place i in the highly- 
; exhauſted ſtate that can be produced by the va- 
Iuable air pump of Mr. Cuthbertſon's invention; 
1 purpoſe to aſcertain this with the affiſtance of 
this Gentleman, who, as an experimentaliſt, is 
| ſecond to n. no one, ee 
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The Force 1 . two v0 poliſhed. laden | 
e n e 
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When two poliſtied leaden or oder ſoft metal 
ie hemiſpheres are rubbed together with a rota- 
ry motion, they cohere with ſuch power as to 
require a weight for their ſeparation bone 
more than what would be requiſite for the ſe- 
paration of exhauſted Magdebourg W 
of the ſame ſize. 

Two leaden hemiſpheres, of about an inch» 
4! a quarter in diameter, will hits 1 golb. to 
 feparate them. : 

This coheſion has been fuppoſed to att WY 
the influence of a certain attraftive power when 
the ſurfaces are brought nearly into contact, 
Io hemiſpheres, - well poliſhed, and their 
planes placed upon each other, in this poſition, 125 
preſſed with ever ſo great a weight, there is no 
particular coheſion produced. __ * 

No ſuch effect is induced by the application 
in any mode, of braſs or iron plates. | 
When a leaden hemiſphere is accurately exa- 
- 2 by a glaſs after the coheſion has been pro- 

duced, the ſurface appears. covered with . | 
lines and ridges where Rune: of the lead. are. 
raiſed . . 
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From this aa. the power with which 
$2 22 unite is eaſily explained. | 
ehe reverſe rotary motion round hs axis of 


is each hemiſphere raiſes up on each plane particles 
of the lead in contrary directions, ſo that all the 
Particles of the one being locked with thoſe. of 
the other, will xefiſt ſeparation in proportion o 
he number of partieles thus: entangled, - This is 
rendered probable from the following reaſons: | 
. However ſtrong the hemiſpberes were ax N 


5 Fan not in the leaſt reſiſt the ame _ 


motion which induced the union. 
When the hemiſpheres have thus 8 uſed | 

wo or, three times, the ſurfaces become ſo irre. 

e that no union can be e 18 * er 
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kala: and Infetton of light, 


"tab in the ICY Prapoſujen of his th 
Wt Book of his Optics, ſays, that the reflection 


of & ray of light 1 18 not effected by a ſingle point ns 


of the reflecting body, but by ſome power evenly 

_ diffuſed over its ſurface, and by which it acts 
upon the ray without immediate contaſt; for the 
parts of bodies -a&t upon light at a diſtance. 
Thoſe rays which do not impinge on ſolid paris are 
neceſſarily ſtifled, or elſe there would be a double 
renzen: this fine ſubſtance thrown upon the 

85 S$ ot fo i ſurfaces 


- m „ 
. fatfaces of pode he calls ther : : he fie that 
mirrors are only produced by rübbing away their 

protuberances, as none to us may be viſible, yet 
from their inequalities would reflect . diffe- 
5 rently, and ſcatter the rays. te 
If matter has the power, under any eireum- 
ſtances, of forming to itſelf, or as matter ne- 
ceſſarily connected with it, an atmoſphere capable  * 


of reſlecting light, this atmoſphere muſt neceſſa- 


rily be regulated in its extent by certain proper= 
ties of the body. In fuch a ſuppoſition each lit? 


tle portion muſt have a ſeparate atmoſphere, which 
muſt alſo produce à correſponding inequality in 
the #therial wechum, _ a ee 1 
of the A 

If we take 4 lifter a 4 peiſebl reflect. 
ing powers, this property is loft by having the 
furface ground. Could an operation of this kind 


be ſuppoſed to . or remove an eee - 


mofphere? - ' 
Newton ſuppoſed it was this medium which ad- 
mitted of refraftion as well as refleftion; that it 
operated in the caſe of the ſingle refraction as 
well as the double reflection, which occur in 
every looking-glaſs, where we always find à re- 
fraction produced by the rays of light pervatfing 
the medium of the glaſs; alſo: an image formed 5 
by the reflection from the quickfilver furface, 
anda ſecond evan from wy Hangs 6 of the na it- 
| ſelf. | | 
his. 4 
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Wen a ray of light bellen bs the 8 
4 of bodies, it bends from its reQilineal courſe, — 
; by divided into a number of coloured fringes. 
This is called the inflettion of A 
nn who was the firſt that paid any par- 1 
n attention to this ſubjeQ,. made uſe. of theſe 
. . circumſtances as proofs of the Ariſtotelian ſyſ- 
tem, that light is not a ſubſtantial but an acciden- 
tal quality: while, on the contrary, Newton ſup- 
' poſed that light was not only material, but that 
there were ſome powers diffuſed over the ſurface 
of the body that produces this keen before 
the light can arrive at the body itſelf. ' 3 
Mairan conjeſtured, that round every body 
85 thus infleQing light there is an atmoſphere of a 
variable denſity; while Monſ: du Tour ſup- 
poſed it an atmoſphere of an uniform denſity. 
To the ſupport of ſuch a ſuppoſition, it has 
been aſſerted that the light is infleQed before it 
arrives at the body; conſequently by the influence 
of ſome power connefted with the body. 
It is obſerved, that the greater the intenſity of 
light, the leſs the inflection. 
I The diſtance that is aſſigned W the i in- 
Ex fleRion of the ray of light * the 1555 is too 
| mall to be aſcertained. 
Probably 


4 
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Probably this! hay! „admit bs explanation on as | "+ M® 


ATT 


ape mechanical principles. N HELL 
| The fineſt edges of any cutting in ue | 
" abies can be made, when viewed through a m. 
ne appear replete with inequalities.” e 
If a ray of light Be regarded as a maſs of ma- 
bench particles, moving with that amazing velo= 
city which is generally aſſigned, and ſo incon- 
ceivably minute in themſelves, they muſt be di- 
verted from their uſual courſe in conſequence 
of ſtriking: on i ths Hittle wean parts of the 
Rest edge. Lare 40-0313: | IVOIRE 7D 
In the Eiay on Viſa it was obſerved, dl 
probably light confiſted of portions whoſe mo- 
menta were different; that theſe, when divided, ; 
produced, by their different impulſes, different 
aftions on the retina, and e the e. | 
tions of the different colours. x 85 
When a ray of light, evinyoled of Pads er ; 
different momenta, ſtrike upon any body, "the 
_ impulſes will be different; ſo that the portion 
with the leſs momentun: will be more diverted 
from its courſe than the portion with a . 
momentum. 
The portions, by 8 üßferenüiy long will 
fall ſeparately on any opake ſubſtance; being 
reflected to the eye ſeparately, will thus . 
the different coloured fringes, _ | 1 
The ſame muſt take place on a ſcratch a: wo 
PORE, mirror, or of a lens; the e e 
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_. vi by ben a. ae will af In; the fre 
| manner. 55 
In viewing a vile dh e N cloſed, E 
VS the infletion of light in paſſing. through the eye- 
EF, laſhes is very evident, forming luminous trains, 
* like unto comets tails; as. the infleQions by eyery 
hair of the, eye-laſh run into one another, the co 
lourxed fringes. are deſtroyed,” ſo that gar a Jum, 
nous diffuſion of the whole appears. 
When on reflection one eee ERA vas 0 
35 wied, Which has been adduced as a proof of 
uke exiſtence of ſome kind of power acting at a 
diſtance from the body itſelf, a drop of water on 


Aà vegetable leaf appears gpake in the inſerior 
part, if it had been in contact with the vegetable, 
_ the green colour of the leaf would have been 


| tranſmitted; hence it has been ſuppoſed that the 

watery drop is kept ſuſpended by ſome kind of 

mepulſive power, When we view the leaf with a 

| microſcope we find it covered with an infinite 
number of ſine fibrillæ; it is upon theſe the drop 

is ſuſpended, and ais 9 ſuch ſupport is pre- 
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1 [bids IEP Uſficukt b. to Sad how 
4 partieles of bodies could he in con- 
taQ, as they are expanded by caloric, and con- 
tracted by cold; that if they are in contact, 
and their union depended dn ſueh contact, they 
dane eee, N ee eee ee, 
| ſeparation, 5 
E N 
tion could not be en ** the a ame #2 
cold. 5 
As * ee bodies ſuffer expanſion [gigs = 

out ſeparation, and likewife admit of condenfa- 
tion, it has been thought more eaſy to ſuppoſe 
| that the ultimate particles are not in any eontact, 
but that each particle is ſurrounded with an at- 


moſphere of a repulſive nature, which a&s pow- 


erfully at e Per. 
ticle. 
- Thirwepaitive power being Heres by WY 
ric, and diminiſhed by cold, would <0 the 
different ſtates. _ 
Every particle being 83 by. a c ſphere 
| of repulſion, would neceffarily prevent that union 
we obſerve in bodies, were not ſome other power ; 
I ſuppoſed to be interpoſed; hence it is ſaid that. 
. 2 1 8 * ; 


47 4s 55 


Wahres of, attraction n farther than the | 
ſphoves of repulſion, prevent any ſeparation. . 
By what citeumſtances are theſe principles re- 
gulated? T hey. d not depend upon the quantity 
of matter, as gold is eaſier ſeparated than iron. 
I muſt confeſs 1 cannot carry my mental pow- 
gs an extent, as to conceive the exiſtence. 
of two contradiQory elements e in . 
E and the ſame hedy. uk 5155 off bofogsn | 
If ſuch; poyers did actually i; if GE in 
their influence, they, muſt deſtroy. Es" i N 


different, only the exceſs could prevail.⁵7, 
It appears to me that theſe Giffenent. fas of . 
bodies may be more fimply explained. |. | || 


*+I will illuſtrate my meaning by water: we © Ba 
by abſtraRing a certain quantity, or imparting a 
certain, quantity of .caloric®'to or from water, ſo 
2 its temperature be at 32%, it changes its fluid 
appearance, ſhooting out into rat e a 
1 lia ſubſtance called ice. 

The figure of che integrant parts & os is an 
equilateral _—_— Ng ſyccefſive "oy 


| . Although'\ice Her bots. dens. the wie ein es 
E 5 water, yet a certain portion of caloric. is requiſite to its forma- 

© | ton. Water, at the temperature of 200, may be in a fluid 
= tate; when raiſed to g20, may congelate; we are informed, 
= that in the icyi cavern of Szelice, near Mount Carpathus, the 
1 water freezes in the ſummer, and ts dich ee dis: 8 

i Wolfius has obſerved the ſame in Germany, (Elem. Aerom. 
2598 Jo and Reaumur i in France, FR de T dead. By. 1790.) 
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© deret. (Cic. de Nat. Deor. lib. 11.) Galileo was the firſt 


TW 3 


form little oftcbedrons, whoſe aggregation pro- 
_ duces, that beautiful Were we obſerve « on, 
our windows. LOS 

Mairan tells us, that theſe little i ies rf are | 
e to each other in an angle of 60 or 1200. 
Ihe ice we find ſpecifically: lighter than water; 
| "here is a ſubſtance loſing Ir part of its ſpecifie 
_ weight, and conſequently a proportionate increaſe 

in bulk, by anratung that ptinciple dan ah ale 
"om expands *. . 5 
1. I believe it will. be grafited: 55 that in n fluids 5 
the particles are perfefily ſpherical, evident from 
their-free and eaſy motion; that this ſphericity is 
acquired by the combinatory union of caloric.” 
with their ultimate particles; thoſe bodies not ; 
2 of ſuch a combination cannot be 1 1 
bed. e e - 


25 5 5 
72 5 


* That ice is only water ſeparated from a portion of caloric 
ſeems to have been an opinion entertained by the moſt. ancient 

philoſophers. -Cicero, who aſcribed animation to fire, has par 
ticularly noticed that congelation is owing to the abſtraction =: YN 
this principle. Atquæ aquez etiam admiſtum eſſe calorem, | : 
“ primum ipſe liquor, tum aquæ declarat effaſio : que neque 
t conglaciaret 'frigoribus, neque nive, pruinaque concreſceret, 
« nifi eadem ſe admiſto calore liquefacta, et dilapſa, diffun- 
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who abſerved that ice is ſpecifically lighter than water; he at- 
tributed this increaſe of bulk to a quantity of air bubbles diſ- 

engaged from the water in the act of freezing; and of this opi- 

nion were the e W Boerhaave, and many | 
erden. „„ (Ep. Acad. del Cim. 25. 3... 3 
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8 oi me difficult matter to conceive how the 
Os ultimate partieles which compoſe 2 body may 
admit within each particle a certain quantity of 
caloric, which tending equally TOY. Oy 51 
1. 5 this ſpherici ß. | 
- That fluid ſpherical arcs when eon. 
5 Ad into a ſolid,” is effected by abſtrafting 
ss portion of caloric which rendered the parti- 
A , eles ſpherical, and then . flaky native 6 
1 85 
$3 9. A ſpherical te is eaſily At to 
, * contain the greateſt quantity of matter in the 
|  _ leaft ſpace, and when changed in form, may oc. 
cupy a greater ſpace, more than adequate to its 
1 increaſe by its union with calorieee 
4. According as the change is more or tefs 
£3 Mi from a ſphere, the 3 in batk 
37] made mars or leſs. cp 


© Dea Cartes, IC eee 

tabs athic. whimfically fancied, that when the globules of his 

. - ſecond. element were inactive in air, the air was converted into 

Vater; and when. inactive in water, the water was changed into 

dee. Ut cum iti globuli paulo minus ſolito agunt, . 

25 ee eee, ry.” ws 
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Connie that ᷣ ͤ—W— ommant „ 

into. a folid. by the. mere. abſtraction. of caloric ;; he thought the 4 
| EIS th fluid; muſt be fixed. by” wedges. of ſabtle. bodies 

ee e and entering into 
- ot — 


th in any . veſſel v we * * the number 
0 1 odtahedral pyramids, ſimilar in content to an 
equal number of ſpherical particles, and inclined 
to each other in an angle of ſixty degrees, we 
| ſhall find that the ſaid veſſel will only contain 
three fourths of the whats as it ould of the 
88 * d 
From hence v we a r ants the increas 
in bulk of ice by the change in form of the ulti- 
mate particles, and allowing ſufficient for the ex- 
panſion of the fluid from caloric. 
By one particle being in actual ci with 
another, each is wedged in by its neighbour, and 
thus the whole i is mechanically retained®*, 


| „Some rea may be framed ee i ©” 
particle is wedged with another, when we reſlect on the power „ 
ol reſiſtance in the aggregated maſs. The Florentine philoſo- | 
| phers included water in a golden ball, cloſed it up, and Accu- 
x rately | meaſured its greateſt circle by means of a wheel of me- 
tal. \ The water, when converted into ice, ſwelled the golden : | i 
ball very conſiderably, ſo that it would not paſs through the ; 
ſame wheel; the expanſion was ſo violent, as to extend the | 
whole maſs of gold. (Tent Florent. p. 142. ). Veſſels of glaſs, ; 
earth, ſtones, and. even metals, have been burſt; trees. have 
been cleft, and houſes razed from their foundation. Huygens | 
has obſerved, that an iron cannon has been burſt by the conge- 
lation of water included therein. The Rev. Mr. Jones ſays, 
that in a ſmall box, holding about ten inches of water, which 
being, conyerted into ice, raiſed up a weight equal to 2296lb. 
This is in no reſpe&s equal to the experiments of the Florentine 
Academician, who, by including water in thick ſpheres. of _ 
| braſs, eſtimated the expanſive force of the icy cryſtals to be in 
5 "IE — inch equal to '27,7801b. 1 Hor. p. 
The 
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The force with which they refit nn will 
1 regulated by the form of the particles, and 
| angles « of inclination they form with each other. 

If ve ſuppoſe four cubical particles envi 
weir ſides parallel to each other, were ſeparated, 
ſo as to touch only at their corners, the ſpace they 
| would then occupy would be double, what inter- 
voals of expanſion between theſe two ſtates, and 
which eafily explain how a body may be ex- 
panded by heat without the ene OY _ 


United *. 
All theſe circumſtances which wk . 44 


dueed as e of the exiſtence of e certain po- 3 


| a 21 
; Ps 95 : 4 F . 


* When the particles are of an . or 1 figure, 
the expanſion will take place in ſome parts before the whole 
particle is rendered ſpherical, and conſequently produce an ex- 
panfion of the whole maſs. If the form of an ultimate particle 
be a cone or pyramid, any caloric that may be admitted would 
_ firſt ſwell r the word as there 9 with 
more refiftance. 

How fimply-this explains that fk union which eilt f in 

metallic bodies ; 5 ' when melted they occupy leſs ſpace than when 
in a ſolid ſtate: the external ſurface is the firſt portion- which is 
cooled, afterwards a conti guous ſtratum or layer: the exterior 
| lamina, when cooled, reſiſt the ſwelling of the interior, ſo that 
each particle becomes ſo finely impacted with one another, as 
to render their ſeparation ſo very difficult; while thoſe bodies 
which formed, as it were, from a centre to a circumference, 
their adhefion is neceſſarily not ſo ftrong ; the gradual arrange- i 
ment of the particles gradually inſinuating into each other, will 
ultimately form a ſolid ſubſtance, whoſe reſiſtance to 8 | 
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ers; we find are an to pure mechanical 
principles. „By rejecting ſuch ſuppoſitions i in our 
ſyſtems of philoſophy, we ſhall ſimplify much; 
the ground work vill be clear and evident, when 
the fundamental principles are cognizable to every 
mind. A ſtudent feels diſcouraged i in his purſuits 
when embarraſſed by crowds of powers, ætherial 


atmoſpheres, attraftive and repulſroe influences; not 


being enabled to conceive their exiſtence, he is 
apt to attribute to his on n inability what. is i in falt 
incomprehenſible to all. | | 

N otwithſtanding the great authorities of a 
Boyle, a Newton, a Boerhaave, and a Prieftley, 
whom no one can revere. more than I do, with 
reſpe& to the ſimple propetties of matter, I muſt 


give my vote of preference to the an and eaſy 


doctrine of Des Cartes. . 
If I ſhould hereafter be induced to. trouble 
the Public with a ſecond 'volume of Eſſays, I 


purpoſe to attempt the ſame mode of reaſoning Ne 


with reſpe to chemical affinities, electricity, mag- 
netiſm, and gravitation,” | „ 
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of the Homogencit mo Matter. 


| That the primary particles of matter are homo- 


geneal, or of the ſame kind, is an idea which has 


been entertained by philoſophers in the moſt diſ- 
tant periods, as well as in modern times. 
It has already been obſerved, that Thales up- 


poſed water as the element out of which every 


thing was formed; that all the variety of matter 
was owing to the different arrangement of the 


watery particles: it has been ſuppoſed that the 


hemp ſeed expanded and unfolded its vegetable 
by the addition of water only; that the hemp was 


formed into threads, the threads into cloth, and 
dme cloth into paper; through all theſe different 


ſtates the water paſſes, aſſuming in each diſtin 
appearances, from the diverſity of its arrange- 
ment. The Pythagoreans imagined there were 


| five elements; the Ariſtotelians ur; the Carte- 


Hans three®. Newton and his diſciples have ſup- 


* The St n ſuppoſed there were three principles; 
tria prima, viz. ſalt, ſulpbur, and mercury: ſubſequent chemiſts 
added earth and water. Paracelſus imagined that the ſtars are 
cucurbits, in which meteorical ſalt, ſulphur, and mercury, are 
contained; and that the winds, which are made of theſe by the 


| #therial volcanos, are blown forth out of theſe emunctories; 
that the ſtars are the pots in which the Archæus, or heavenly 


Vulcan, Prepares pluvious matter; that hail and ſnow are the 
fruits of the ſtars, The ftars eat and are nouriſhed, and that 


3 189 are their excrements. Tracł. de Meteor. Parac. 
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. as 5 
poſed. that God, inthe 83 formed certain 


hard, impenetrable particles, out of which every 


thing has been formed; he imagined it might be- 


ſome ſuch matter as light; as he ſays, upon the . 


authority of Mr. Boyle“, that water, after 200 
diſtillations, was converted into earth, and earth, 
by ignition, may be converted into light. 

To change one matter into that of another, 
only a freſh arrangement of its primary particles 


were deemed neceſſary; thus the laboured attempts 


of alchemiſts, in the tranſmutation of metals, to 
change iron into gold, it was thought only requi- 
ſite to increaſe the denſity of the former, to ren- 


der its primary particles i in the ſame ſtate of ap- 


proximation as the latter; even Boerhaave ima- 


gined ſuch was only neceſſary in converting glaſs 
into diamond. Infinite are - the experiments 
which have been tried; however they may have 
failed in their attempts; their accidental diſcove- 
ries have contributed much to the increaſe of ſci- 


ence. The Pythagorean ſyſtem, revived by Co- 
pernicus, was not admitted till the wild d6Arine 
of Des Cartes eſtabliſhed it. 5 
80 to that mad enthuſiaſt, Packeelfus, the 
torturer of mercury, are we indebted for the 
principal ne of this N metal. 


1 Mr. Boyle did 5 patch it 
upon the credit of another, that an ounce of water, after 200 


diſtillations, produced 6 drachms of a whitiſh . Boerhaave 
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We obſerve, that gold in the ingot is gold in 
= powder, and, however varied in form, is ſtill 


gold; ſo iron is the ſame, whether in the bar, or 


united with an acid in the form of green vitriol, 


in ochre, or in vegetable recrements. Bodies of 


this claſs have their conſtituent particles of ex- 
actly the ſame principle as the * body: farmed by 


their union. 


It has been l ts Gans ehimſs, that 
metals are not elementary bodies, for that iron 


may be generated by vegetables; we certainly do 


obſerve the production of iron from the decom- 
poſition of vegetables. Waters oozing from all 


moraſſes are chalybeate, and depoſit their ochre 


on being expoſed to the air; the iron acquiring a 


calciform ſtate from its union with oxygene, or 
vital air. This formatiom of iron from vegetable 
recrements is farther evinced by the fern leaves, 
and other parts of vegetables, ſo frequently 
found in the centre of the nodules of ſome iron 
| ores. Kirwan ſays that all the leaves conſiſt of 
one fourth: of iron. If iron is ſo- univerſally 
diffuſed as to conſtitute. ſo great a portion of ve- 
getables, do they ſeparate it from the ſoil ? from 


the air, as Prieſtley ſays iron there exiſt, or cre- 
ate it themſelves? Although our chemical ana- 
lyſes can no ways reduce metallic bodies to a 


more ſimple ſtate, are fuch bodies to be deemed 


perfect elements? May not they ariſe in conſe- 
quence of certain combinations which may , be 


* „ #/ | 2 5 be * 5 effected 


r 


effeded by living powers? We daily fee the 
power of vegetables in decompoſing water, in 
abſorbing light, &c. and hence may we not ſup- 
poſe that one important purpoſe they are to anſwer _ 
is to form an union of certain principles for the 
advantage of mankind? Thus to one ſimple ve- 
getable, a ſolitary fern, we may be indebted for 
all the iron we poſſeſs, as well as to a ſingle and 
fmall PTR; the iſland we inhabit *, 


f It 


+ 'Polypes, the ſpecies which form the coral, were formerly 
deemed marine minerals; afterwards, by La Pluche, the Comte 
de ylles, and others, were ſuppoſed to be vegetables; and 
| ſome curious theories were formed reſpecting their being always 

attached to rocks; it was fancied they were formed as ſhelters 
and ſupport to tortoiſes and other ſhell fiſh, When the cele- 
brated Naturaliſts, Ellis and Peyſſonel, had proved they were 
animals, then enquiries were made reſpecting the nature of the 
ſtony ineruſtration in which they are embedded, and which is 
uſually known by the name of coral. Reaumur had ſuppoſed, 
that in ſnails the ſhell was formed by a tartarous moiſture tran- 
ſuding through the pores of the animal, and that the body was 
only the mould. Qu il a des coquilles qui eroiſſent par juxta 
t poſition, qu elles ſe forment des ſues pierreux qui tranſudent des 
« pores de animal; que ſon corps en eſt re- ellement le moule 
Had ſuch been the caſe, the ſnail could never have had that free - 
and eaſy motion. The coral, he ſays, is a mere neſt for the po- 
lype: « Le corail eſt un polypier, comme on nomme un nid de 
© Guepes in Guepier.” This ſame error Bomare, in his valu- 
able Dictionary, has imbibed. Monf. Trembley, whoſe obſer- 
vations on the polype are well known, has not paid any parti- 
_ cular attention to the coral. Monſ. Heriflant, in his ingenious | 

| W on { Madrepores and Corals, ES that the 

coral 
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It appears more eaſy to ede that there 
5 Kould be more elements than one, as we could 


not from any analogy imagine how, by any pol. 
fible arrangement of the ſame particles, that di- 
verſity of bodies we ſee, poſſeſſing ſuch different 
properties, unleſs by ſuppoſing that there are bi- 


1 is to the 1 what ther ſhell I of a ſnail i to the fail; 
| that before any incruſtration takes place, a quantity of coagu- 
lable lymph is thrown out, ſo as to form a membranous enve- 
lopement of a parenchymatous nature; into this the calcareous 
| depofit is made, fo that in a coral each polype is ſecured by its 
on membranous” envelopement, and which increaſes by ſuc- 
ceflive layers. The polypes multiply by ſhoots; one planted 
upon another, and the whole rifing from one general trunk, 
which was formed by the firſt polype, by thus branching out 
* has been ſuppoſed a marine plant. This is an admirable inftance 
| of the powers of life forming a an union of thoſe principles that 
' conſtitute atriated lime hen we ſee thoſe large maſſes Which 
are formed by theſe Aid, is it unreaſonable to fuppoſe, that 
after they have anſwered the purpoſes of the polype's exiſtence, 
they may, by ſucceffive unions, form an iſland ? and we might 
extend our ideas fill farther, and ſuppoſe that all bodies, where 
| there is a firm degree of union in their conſtituent parts, that 
; fach have been formed by the influence of living powers. We 
may thus be enabled ro conceive why there ſhould be in particu- 
lar places particular kinds of firm united maſſes of matter; un- 
leſs by ſome ſuch influence it would be difficult to explain why 
in ſome parts there ſhould be Fact quantities of filver, in others 
gold, diamonds, Ke. 
We miay thus form ſome idea of the utility of the myriads of 
| inſets cthbowelled within the earth; they may be at work in 
forming theſe decompoſitions and unions, and thus. conſtitute 


4 ny links W ä that they are all per- 
forming 
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nary, ternary, —- combinations, &c. and 
beyond e no holes * _ W can n be 
reduced. 


We may ſay a primary . poſſeſſes « a cer- 


| tain property; two of theſe particles to us inſe- 
parably united a ſecond property, ſo three Nati 
cles a third combination, &c. 

Such, perhaps, may appear more Vigil than 
to ſuppole the primary n. of 1 matter nn. 
. 

May ve not imagine that the powers of life may 
have more PG on theſe combinations than 


forming 4 Gent functions in obec 
dhe divine will. | 


Tota concors fabrica perſonat 
Dei tuentis cuncta potentiam, _ 
Non voce quz pancorum ad aures 
Perveniat ſtrepitu maligno. 
8 PC. xviii. 


They may be e as ee the reſults of whoſe tranſ- 
actions are conducive to the happinefs of mankind; they tend 
to prevent that ſtate of apathy, that vegetable kind of exiſten 

into. which we ſhould fall, were we not ſtimulated by the 

affixed to their productions; they rouze us to exertions, * pl 
cite us to rifle the dark caverns of the earth, and purloin from 
thence theſe different treaſures. Not with the poet can we con- 
- ceive that it is a kind of ſacrilege to diſcloſe to view "_ the 
Deity had Wee Proper to conceal from our ſight. 


4 Quaſq ; recondiderat, ſtygiiſq; ; admoverat 3 
— opes, &. Ovid Metam. 1. 
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dur retorts and our crucibles? and that to 1 a 
influence may be owing the nature of thoſe ſecre- 
tions which are ſo different from the principles of 
which they were formed, as the poiſon of veno- 
mous animals, the bitterneſs of bile; &c. 

We may thus form ſome idea how the living 
powers, when diſturbed in their action, may, by 
decompoſing thoſe bodies which are deemed che- 
mical elements, form thoſe unions which may 
conſtitute contagious miaſmata, and infectious "Y 
| ſecretions. 5 
In atonic ſtates of the ſtomach air is in abun- 
dance ſecreted; in diabetes ſugar, i in large quan- 
tities, will be formed; and in every morbid af. 
fection of a gland i its natural . ee is entirely 
changed. | | | 
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SYMMETRIC ARRANGEMENT 
pg 


CONSTITUENT PARTICLES of BODIES. 


1 N various minerals we obſerve that there is a 
ſomething more than a mere fortuitous concourſe 
of the conſtituent particles; there is a ſymmetric 
aſſemblage, a beautiful arrangement appropriate 
to particular bodies. When theſe preſent them- 
ſelves under any regular form whoſe faces may 
be repreſented by e figures, ſuch are 
called cryſtals. | * 


* The ancients knew only the rock cryſtal and ſome other 
tranſparent ſtones, thinking they were congealed water, becauſe 
principally found on mountains whoſe temperature is intenſely 
cold; called thus cryſtals, from xp e, ice, | 

That they are found plentifully in high mountains is s becauſs 
thoſe in Italy are of granite, of which quartz, or rock cryſtal, 
is the PRIDE — | 


; „% 


-( 162 ) 
11 would ſeem that there was ſome power in- 
ä fluencing the conſtituent particles of theſe mine- 
rals, while floating in the fluid in which they are 
diflolved; as we perceive the integrant particles, 
although ſeparated by the interpoſition of a liguid, 
are determined to unite and form a ſolid ma of 
regular and conſtant figures. 

If we dip a thread into a ſolution of ink we 
find the thread will be covered with little cryſtals 
of an oftchedral form; if we again immerſe the 
thread, we do not find an accidental ſeattering of 
the ſame cryſtals in different parts of the thread. 
The ſucceſſive layers are determined to the firſt 
cryſtals, increaſing their ſize with the ſame ofto- 
hedral form. 

It has been thought that this ** arrange- 
ment is effected by the influence of a power a de- 
gree inferior to vegetable life; thus Haller ob- 
ſerves that animal life is a degree above vegeta- 
bles, and vegetable life a degree above eryſtali- 
zation. Von Linnæus fays, © Lapides creſcunt ; 
s yegetabilia, creſcunt et vivunt; animalia cre · 
er ſcunt, vivunt et ſentiunt.“ Monſ. Metherie, 
and others, have ſuppoſed that there are ſeeds of 
cryſtalization, that there is a ſpontaneous gene- 
ration in the e kingdom; they have ex- 
tended: this doctrine ſo far, as to ſuppoſe. animals 
or vegetables are produced by the cryſtalization ; 
ff, che ſeed. gs 


Tha 
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That minerals poſſeſs ſome powers cqubealegt 


to life is an idea that has been entertained by 


Theophraſtus, Tournefort *, Plott, Lifter, and the 


learned Biſhop of Llandaff, and no doctrine can 


be abſurd which is eſpouſed by ſuch charafters'as 
theſe; they ſaw that there was a ſomething which 


influenced this arrangement that could not then | 


be referred to any known principle. | 

Since Mr. Lichtenberg has ſhewn us what beau- 
tiful configurations may be produced on an elec- 
trophorus, and the ramifications influenced by 


the ſtate of elefricity, with ſome degree of 
reaſon it has been thought that cryſtalization 
may be owing to the influence of the ſame prin- 


c_ Th 
As the principle of eleticity is ſo univerſally 
diffuſed, in _ en the moſt minute its 


„ Tournefort, in his Deſeriptich of ih Labyrinth of Candia 


or r Crete, obſeryes that the ſtones there evidently grow; an in- 
ereaſe which cannot take place from their ſituation by the acci- 


dental accretion of matter externally. "Perſons who have cut . 


their names on the perpendicular walls of this labyrinth, the 
ſtrokes of the chiſel are not only filled up, but even raiſed two 
or three lines above the ſurface of the ſtone, ſo that what at firſt 


were indented, are now ſo many baſſo relie vos, formed o a mate | 


ter much whiter than the general maſs. 
This notion is not entirely new, as Pliny informs us that 


Mutianus and Theophraſtus believed the ſame; and Gregory 


Nazianzen aſſures us that there were ſome: authors who main- 
_ tained that ſtones made love; and a learned living writer ima- 


Lines, that the various ſtreaks of Rones ; are n 
calculous veſſels, 


> & agency 
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| agency is diſplayed. The evaporation of a drop 


of water, the agitation of a few duſty particles, 


the contact of two different metals, the change 


of. temperature in any body, even the wafture. of 
any part of our apparel, can no ways be effected 


without unfolding a certain portion of this ener- 


gizing power. 5 
As it is well known that Fe bodies, an 
united, have their capacities for caloric increaſed, 
while others, when entering into combinations, 
will impart a conſiderable quantity. So it is with 


bodies with reſpe& to electricity; ſome, upon the 


leaſt diſturbance, will appear to have a ſuperflu- 


. ous quantity, and freely impart it to the ſurround- 


ing medium; while other bodies appear as if 
they cannot enter into any altered ſtate without 


an additional quantity of this principle. 


It is no difficult matter to conceive that hes - 
conſtituent particles of different minerals poſſeſs 


different degrees of power; and as they are in- 
Hluenced in their arrangement by this power, each 
mineral muſt have its own reſpective arrange- 


ment. | f 
This arrangement can andy uke place when 
the conſtituent particles are in a fluid ſtate, and 


running gradually into a ſolid form. RW 


When the combination of the ſame elementary 


8 principles operate in ſimilar and exactly propor- 
{0-199 omen the ſame ee 1 re- 


ſults 


2 


( a5 - 


ſults wich the ſame denſity, the fame bardneſ 


taſte, . | 
When the proceſs i is low, we god a gm 


* and regular arrangement of the eryſtaſine 


moleculæ; the electric principle which is | difens 


gaged operates equally from the fluidity and tem- | 


perature of the body being preſerved in nearly 


an equal ſtate, ſo that each particle, equally in- 


fluenced, ſhoots out in equal directions. 


When the procels is hurried, inſtead of cryſtals 


with determinate formed faces, we have only 


curved ſurfaces, dendrites, and maſfes, ſometimes 


ſo ill formed, with an appearance lamellated, ftri- 


ated, granulated, or cellular, and at other times 


an aſſemblage of almoſt imperceptible moleculæ. 
Such 1s the difference between a rhomboidal 


calcareous ſpar, and a block of ſtalaQtites, or 


white marble; between a regular cryſtal of ſele- 
nite, and the common gypſum or alabaſter ; be- 


tween a quartz or rock cryſtal, the hexagonal 


ſpecies with iſoſceles, triangular planes, and the 
unformed quartz, as freeſtone, agate; or flint. 


If we have three hot ſaturated ſolutions of ma- 


rine ſalt, if we cryſtalize the ſalt in one ſolution 
by a quick evaporation over the fire, and put 
the ſecond ſolution in a cool ſituation, and the 


third placed within a large medium of its own 


temperature, as in a veſſel of hot water, ſo that 


its cooling ſhall be very gradual, we ſhall have 


three different ſtates of cryſtalization produced. 


% 
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The firſt ſolution, hurried by a rapid evapora. 
tion, produces only an irregular precipitation of 
a confuſed ſaline maſs, without any regularity of 
form, The ſecond ſolution being more gradual, 
the falt ſhoots out into the form of little cubes, or 
by the union of two or three cubes, parallelipipe- 
dons * are formed. In the third, where the cryſ- 
- talizing proceſs is conſiderably flower, then cryſ- 
tals of a more perfe& form are produced. In 
the firſt ſolution the interpoſed fluid being fo 
ſuddenly removed, the ſalt is diſengaged with too 
great a rapidity to ſubmit to any influence from 
this principle of regularity; when the proceſs is 
gentle and flow, the liquid in which the ſaline 
particles float being mildly rernoved, unreſiſting 
they obey this arranging electric power. If the 
ume is much longer in the formation of theſe 
cryſtals, the more perfect they are. Flv} 
Formerly falts were only diſtinguiſhed from 
| Kones; by being ſoluble in water, and of a cer- 
tain taſte; ſo metals were diſtinguiſhed from mi- 
nerals by the degree of fuſibility. The inaceu- 
racy of ſuch a ſyſtem immediately appears, when 


Dans le ſel marin, par exemple, dont les molecules inté- 
 grantes ſont eſſentiellement eubiques, les petits cubes, en fe rẽ- 
uniſſant pour former un autre cubes plus conſiderable, ne s ap- 
poſent pas toujours en nombre ſuffiſant pour former des cubes 
parfaits, de forte qu'il ne rẽſulte tres ſouvent de leur agregation 
que des W plus ou 
nun. © + Af Se 


we 
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we find that FI is foluble in water, and ſchort : 


ſulible by fire. 


Linnæus was the firft who thought of afſocia- 


ting cryſtalization to the ſcience of mineralogy, 


and of rendering it one of the principal baſes of 


his lapidary ſyſtem. In the firſt edition of his 
 Syſtema Nature, he only particulariſed 18 ſpe- 
cies; in a ſucceſſive edition he increaſed them 
to 40. Some mineralogiſts reje& this mode as 


Htuſory-and frivolous; they ſay the form of cryſ. 


talization is not a conftant character, and more 


equivocal and variable than any other to charace 
_ teriſe minerals: thus we find Buffon, in his Na. 


tural Hiſtory, thinks there is more dependance on 


me imperfeQions of a cryſtal than the perfec- 


tons, and hence divides them into three ſpecies, 
Viz. laminated „ filamentous, and granular. 

The accuracy of Linnzus's ſyſtem is now de- 
monſtrated by the valuable obſervations of Romẽ 


de I'Ifle. This celebrated Cryſtalographiſt, in 


his firſt work, enumerated 110 ſpecies; in his laſt 
edition he has increaſed them to 438*. He has 


ſhewn, 


At preſent it can only be expected that this ſcience is in its 
infancy. The gypſum, the calcareous ſpar, ſelenite ſpar, rock 


cryſtal, granite, and mica, are the only ſpecies which are per- 
haps tolerably well known, The ſchorls, metallic and ſaline 


cryſtals; perhaps not 100th part is yet aſcertained. I am in- 
formed that Monſ. Bournon, a gentleman reſident at Paddings- 
2 
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( 168 ) 
ſhewn, ha in cryſtals of the fame kind their 
faces form with each other the ſame correſpond. 
ing angles; that even when the faces or planes 
vary in their relative figure and dimenſion, yet 
the reſpective inclination of the ſame planes are 
- conſtant and invariable in each ſpecies . 
When the principal angles, and the regular 
and diſtindtive forms of a cryſtal are known, the 
intermediate varieties are eaſily aſcertainedt. 
Bergman, Abbe Haiiy, and others, have at- 
= aged to demonſtrate, by geometrical calcula- 
dens, the mechaniſm peculiar to ſome cryſtals, 
ich are eaſily divided by a cutting inſtrument ; 
Fon have ſuppoſed that all the different forms 
under which the ſame cryſtaliſed ſubſtance may 
appear, Hack 3 one which may be regarded 


ton, and very eminent in this branch of Natural ſary, has 
enumerated 2,000 diſtin& ſpecies, * 

From his attention, Dr. Babbington, and others, \ we he 
_ reaſon to hope that this ſcience will be ſoon conſiderably im- 


| proved. 


Les faces d un cryſtal peuvent varier dans leur figure et dans 
leur dimenſions relatives; mais inclinaiſon reſpective de ces 
meẽmes faces eſt conſtante et invariable dans chaque eſpece. 


- Rome de File. 


I Thus Romé de I Iſle ſhews that feld ſpars yet unknown 
will have right angles, as well as of 65, 115%, 1300, or of 
150 if there ſhould be any new angles, they will always be 
found with ſome of the  aſore-mentianed "_ , to _ the 5 75 
eics may be TOES.” * 
| as 


10 169 5 „ 

as cle primitive form, the other forins only being 
modifications; that the rhomboidal fofm of the 
iſland ſpar is the primitive form of all the calca- 
reous ſpar. If in a cubic cryſtal it is attempted 
to divide it by 4 ſeklion parallel to. any of i its ſides, 
there would be conſiderable reſiſtance, and only 
irregular fragments broke off; if cut parallel to 


the diagonal, and' the cutting inſtrument inclined 
about 54 to the fide, without any trouble a py- | 


ramidal piece will be detached; It will be ſepa- 


rated in a laminated ſtate, with that poliſh which 
Nature gives; and henee, by gradual ſmall ſec- 


tions, equilateral triangular lamina will be fepa- 
rated, increaſing as approaching the centre, . ſo 
that if the diviſions be ſucceſſively continued on 
the eight angles, in equal correſpanding ſections, 


as theſe ſeQions approach the centre they will 


mutually interſect each other; fo that the corners 


of the triangles being cut off, the planes will then 
become hexagonal; continuing the ſections, the 
laſt-formed nucleus will prove to be an ottahe- 


dron, with equilateral, triangular planes. 


Abbe de Haiiy does not aſſert that a cubic cryſ- 


tal is of itſelf formed of an octahedron propor- 
tionate to the whole maſs, and rendered cubic by 
hexagonal and triangular lamina; for the ſmalleſt 
particles perceptible by a microſcope have already 


a cubic appearance; he ſuppoſes theſe minute par- 
| Z | ticles 
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„Abbe Hy farther obſerves, that the : of 24 188 
| ariſes from the juxta poſition of decreaſing rhomboidal lamina 
upon the twelve ſides of the dodecaedral granite with rhomboi- 
dal planes; hence he concluded that the laft reſulted from the 

_ Juxta poſition of four rhomboidal parallelipipedons. In order 

to prove the errors of a geometric theory, De 1'Ifle ſays that the 
ſame granite may as well reſult. from the juxta poſition of fix 

oRatdres ſurbaiſſes, ſimilar to the figure of the ſuppoſed primi- 
tive of the cryſtals of tin. As there are many dodecaedral gra- 

nites with rhomboidal planes, whoſe ſtria, far from being in a 

ſeries of decreaſing rhombs, are ſeen in the 24 ſided granite, 

with. trapezoidal faces, but a ſcies of continually diminiſhing 
ſquares; ; fo that the above theory i is only applicable to certare 

: oa | | 


Or THE | 


CRYSTALLIZATION OF BODIES * 


RENDERED | 


FLUID BY HEAT. - 


Wr have already ſeen that the conſtituent par- 
ticles of minerals, when ſeparated by an inter- 
poſed liquid, and allowed gradually to unite, 
arrange themſeves in perfect ſymmetric order, 
commencing at a centre, and gradually increaſing 
themſelves equally all around. 
When the conſtituent particles undergo tha 
change we have already obſerved in becoming 
fluid by fire, if they are placed in ſuch a ſitua- 
tion as to ſlowly loſe their caloric, they are ſub⸗ 
jekt to the ſame influencing principle, and ar- 
range themſelves i in perfect order; inſtead of aQ- 
ing from a centre, they terminate here, and com- 


mence from the circumference, . 
2 $-- ; This 


1 
This is the reaſon why the conſtituent particles | 
of bodies rendered fluid by heat are more firmly 


united than the arrangement of thoſe held in 


watery ſolutions. In the cryſtallizations of ſalts, 
each particle acts uncontrolled by any ſurround- 


ing medium; not ſo wich melted metals; the fur- 
face is firſt cooled, and which neceſſarily pre- 
vents the expanſion of the interior portion, ſo 


chat the conſtituent particles are gradually more 


and more wedged with each other. 


Glaſs, whgn fuſed and left gradually to FREY 


inſtead of forming a ſolid tranſparent maſs, ſhoots 


out into figured cryſtals, the conſtituent particles 
being rendered ſpherical by caloric; by ſlowly 
lohng this expanding principle, they gradually 


recover their native form, and contequenty * in a 


more perfect ſtate af union. 


If the glaſs is ſuddenly W then the = 
viation from the ſpherical ſtate of the integrant 


particles muſt be leſs; and the gradual arrange- 
| ment. Which -otheryays: wauld take place being 


thus deſtroyed, are en by their vnzen is ſo 
inconfiderable. | 7 
In order to bow. a perfe, regular, and even 


ſurface of 2 glaſs, that it may equally and pro- 


perly reſlect che rays of light, the: circumſtance. 


- of ity cooling gradually is particularly attended 
1g. This we ſee in the manufaRtories for plate 
Shas; e en be it is is Med in an an- 


0 


8 Om < : 2 
9 oyen for nine or ten days, and the fire 
brush diminiſhed. 5 
So with glaſſes for a common aſe. * bu x! 
with the leaſt agitation if They have ADEN 2 
poled to the annealing Rate, 13 
This is the reaſon why thoſe claſſes, whichia are 
known at the glaſs-houſes by the names of proofs, 8. 
although ſome of them are three eighths or half 
an inch thick, break with the flighteſt tremor. 
This experiment excites at firſt a conſiderable 
degree of ſurpriſe; a piece of lead, or any other 
inelaſtic ſubſtance, of an ounce. or two weight, 
dropped within one of theſe veſſels, no effect is 
induced; the minuteſt ſhiver of flint or glaſs, or 
any thing that by its own elettricity will excite a 
tremor, the bottom of the glaſs in the thickeſt i 
| part immediately breaks. 
When a glaſs, or any elaſtic body, is e 
into a tremulous ſtate, ſuch is induced by the ac- 
tion and re- action of every conſtituent particle of 
the body. It is cafily ſhewn how a large and 
thick glaſs receiver loſes its circular ſtate, and 
becomes elliptical* by the 9 88 tremor; the 


* If a af receiver, as is uſed 1 the air pump, be Ts 
ſecured 3 in a frame, if two ſcrews be covered with ink or any 
marking ſubſtance, be applied on the outſide of the receiver in I 
_ oppoſite parts, ſo as to be one eighth of an inch from being in I 
contact with the glaG, on ſtriking the receiver there will be ob: | 

ſerved on each fide a black ſpot, which could not have been | 
alfected 3 in both places 1 8 a change 1 in form of the receiver. 


1 | amount - 


S>2.> 


- 


0 174) | 
amount of this altered ſtate is equal to the ſum 


of all the actions of the integrant parts of the 


glaſs. When the glafs is annealed, there is the 


more intimate union of the particles, from theif 


naive form being thus reſumed. When the cool- 
ing is hurried the union is ſo imperfeR, that the 
Dighteſt tremor produces a ſeparation : the frac- 
ture takes place in the thickeſt part from the 
ſame cauſe, viz. the tremor not being equally 
diffuſed, the part which is thrown into agitation 
is additionally reſiſted by the N of the 


contiguous lamina. | 
So unannealed glaſſes, in ths b of a bell, | 


| will not admit of that expanſion which is'induced 
by the warmth of a hand, e a ſolution of 


continuity... 
A common glaſs goblet ſome 1 will "EY 


with their voice, by. applying the mouth to its 


edge, and bringing their voice to a pitch in 
uniſon with the glaſs, and gradually increaſing 
the ſame note, the glaſs will break; the action 
and re-aQion of the conſtituent particles being 


increaſed, till the accumulated powers cauſe a 


diſunion. 5 

This action and re- action of the minuter par- 
ticles cannot be reduced to any numbers: it is on 
this account we muſt never expect a true eſtimate 
of the mechanical power of the wedge; we find 


a wedge will not penetrate a body when a thou- 
ſand weight is laid upon its back, and which can 


. ks 3 


be effefted by a gentle percuflive 8 a little 
agitation throws the conſtituent particles into a 


tremulous motion, and at the inſtant of relaxation 


the W a 


- 
Lis : 


The Batavion, or- r Prince Rupert's Drops. 


| Theſe glaſs . are in e 8 


| known by the name of hand crackers, of a pear- 
like form, with a long tail; when a [mall part of 


the tail is broke off, the whole drop is reduced 

into powder; this appears the more ſurpriſing, as 

it is with difficulty that che en * can be 

broke by a hammer. 005 

They are made by lowing 12 of melted 

glaſs fall into a veſſel of cold water. | 
The tails are afterwards drawn out by means 

«> a lamp; the glaſs is very rapidly cooled, and 

conſequently i in a very unannealed ſtate; che ex- 

ternal furface of the glaſs is firſt cooled, and, as 


before obſerved, the conſtituent particles in a 
very imperfect ſtate of union; the interior por- 


tions of the drop are flower in their cooling, as 
they approach the centre, ſo that every ſucceſſive 
portion will have their conſtituent particles in a 
more perfect ſtate of union, and conſequently in 
a ſtate of greater approximation; 'as ſuch every 


interior portion will recede from the exterior, | 
' involucra, like the concentric partitions 


of 


2 


3 >. A wo , 
R ; 


ä 
of ar enen. "All Wett ſpaces muſt be In the 
q; moſt perfett ftate of exhauſtion, free from er 
Partiele R 
When the glaſs is intermixed with any extra- 
neous matter, the regularity of theſe involucra 
3s neceflarily deſtroyed, and in that point we 
* foe 2 little bubble; as theſe drops are made of 
the moſt dae e there are Ng of 
theſe bubbles. SO 
That there are mnevwrals'of ſpace ina ſtate of 
_ exhauſtion may be farther proved by rendering 
the drops. ſoft by heat; the bubbles: diminiſh 
from the glaſs by the nee eee 
being compreffed. 
When a portion of "A tail! is broke off a 
communication is formed between the atmoſ- 
: phere and theſe concentric 'vacua'; the air ruſhes 
* | in with violence into all the exhauſted intervals; 
eech vitreous involucrum yielding to the tremu- 
= | Tous: impulſe, the conſſituent ne en 
Y 1 a ee in ruins. 9.2 
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GENERAT. CONCLUSION: | 


T hat the conſtituent PR of any body 
may arrange themſelves in ſymmetric order, it is 


previouſly neceſſary that they ſhould be in a li- 


quid ſtate, either rendered fluid by caloric, or 
held in ſolution. By what means ſuch large 
crytalliſed maſſes * which are obſerved arranged 
in the Alpine mountains, where regular-formed 
quartz is found in abundance, is a ſubjeat which 
has been much diſputed. The Scheuchzers who 
| ſtudied among the ſteep mountains of Switzer- 
land, amid rocks of granite, petrofilex, and jaſ= 
per, had recourſe to the power of the Almighty; 


who broke in pieces theſe ſtrata, and elevated 


the ſplinters into the form of mountains. While 
Stenon, Hamilton, Buffon, and others, who only 
contemplated burning mountains, and traces of 
volcanic productions, imagined the earth to have 
been liquefied by fire; and Woodward, from ob- 
ſerving ſhells and remnants of animals buried in 


* earth, remote from che ſea, e the 


ws Hottinger Fon that i in the country of Valais . are 


perſect cryſtalliſed quartz, 6olb. in weight. Kircher aſſures 


us he had met with ſome above 1001b. The Scheuchzers had 
ſome in their collection 250tb, In the Leverian Muſeum there 


is the fineſt and largeſt ſpecimen in Great Britain. e 


Aa a lake 


— 


(4) 
globe was in a duid ſtate by water; he the "EM : 
the ſtrata were regulated A their bee gr gra- | 
— ; | 

| Rome de VIfle thinks primitive. mountains 


are the effects of cryſtallization, the ſecond in or- 


der from ſub-marine W and the more 
modern volcanic. ey 
That the earth has been in a fluid ftate is r 


* demonſtrated from the globe being flat- 


tened at the poles, a circumſtance which could 
not have been induced by any centrifugal power, 
had not the earth been in a liquid ſtate. * 

If the whole had been liquefied by calorie, 
there are many ſubſtances, as quartz, &c. would 
not have been cryſtalliſed; and even baſaltes have 


deen obſerved enveloping watery cryſtals of zeo- 


lite, which could not have exifted had the ba- 

faltes been fluxed by fire. 15 
Throughout the whole material world we ſee 

diverſity of arrangements, and combinations of 


the conſtituent particles; the diſengagement of 


one principle giving energy to another, recipro- 
cally changing their ſituations, to give activity 


to the whole. If we admire theſe mutual influ- 


ences, how exalted muſt our admiration be when 


_ contemplating the effects of living powers. If 


we are pleaſed with viewing the proceſs of cry{- 
tallization, what muſt we feel in ſeeing the ſtate 4 
of organization. In the minuteſt part of ani- ; 
mated nature, 2 by our ſenſes, what 

1 1 „ reſources, 


* 


cg) 


body! What properties, what harmony, and 
_ what correſpondence between theſe parts! How 
many combinations, arrangements, and principles 
concurring to one end! When to theſe reflec- 


tions we add thoſe which ariſe from a contempla-. 


tion of the powers of ſucceſſion and reproduc- 
tion, how loſt we are to all oo pes of this 
ſpiritual part, 


« Behold this midnjeht glory, worlds en worlds! 
« Amazing pomp! Redouble this amaze; 
Ten thouſand add; and twice ten thouſand more; 
Then weigh the whole; one ſoul outweighs them all 
£ And calls th' aftoniſhing magnificence 
Of unintelligent creation poor.” 


% 
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FINIS, 
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8 reſources, powers, and motions, are encloſed in 
the ſmall portion of matter which compoſes the - 


MEDICAL ELECTRICITY. 


PRE beneficial effects which have been experienced 
by the application of electricity in variety of diſeaſes, 
render it neceſſary for every practitioner to medicinally 
examine this pervading principle. | 

As our knowledge of this branch of philoſophy i is om | 
in its infancy, it requires the united obſervations of 
many individuals before its influence on our organization 
gan be well aſcertained. Every complaint in which it 
may be advantageouſly employed ſhould be accurately 
characteriſed, and its effects in every _ of the diſeaſe 
carefully ſtated. 
With ſuch a profeſſional conſideration, CG, WI LKIN- 
gON has fitted 'up a ſpacious apartment at his houſe, 
with an appropriate and extenſive apparatus; by em- 
ploying electricity on an extenſive ſcale, he flatters him- 
{elf he may be hereafter enahiey to make ſome: uſeful 
inferences, 

Every caſe, to the utmoſt af his power, he purpoſes 
do accurately mark down, to obſerve the ſtated periods 

| When any effects are induced, the degree of power em- 

ployed, and the requiſite time for its e 8 
culariſed. | 8 | 
: „„ 11 


% * 5 Ls ö 


P i 
Fs 0 To apply eleAricity to every diſeaſe indiſcriminately, 
95 with the ſame degree of force, &c. would be as empi- 
ical as to preſcribe any e medicine as an univer- 
4 8 ſal remedy. | 1 
A | To accommodate thoſe _ prefer t the eaten 
3 of electricity at their own houſes, C. WiLkin80N has 
3 - _ arrangeda number of portable electrical | machines, which 
| he equally ſuperintends, R 
"Thoſe medical Gentlemen who favour him with any 
_ gireGtions of the mode in which they wiſh it ſhould 
de applied, may depend upep the moſt punQual atten- 
tion. 
. Every year C. W. de 6 ane > e bf 
neee his immediate Be | 
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EXPERIMENTAL PHIL OSOPHY, 


By CH. WILKINSON, Surgeon, 


1 
* 


oxsLOW HOUSE, LEICESTER-STREET, LEICESTER-SQUARE, 


AND LECTURER ON EXPERIMENTAL PHILOSOPHY ar 
Sr. BARTHOLOMEW'S HOSPITAL, 


INTRODUCTORY LECTURE. 


MECHANICS. 


Love: I THE properties of matter explained—That mat- 


ter, in a ſolid or fluid ſtate, has its ultimate particles in actual 


ſolid into a fluid ſtate explained on mechanical principles, 


without the neceſſity of adopting the incomprehetifible fyſtem of 


ſpheres of attraction and repulſion That fluid matter, when 
entering into a ſolid ſtate, having its particles diſpoſed in a cer- 


tain arrangement, ſhewn to probably ariſe from the influence 
25 1 | | Mg; : 7 2 \ of 
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of ſome active printiple as electritity/ according as the capact- 


ties of bodies may be increaſed or diminiſhed—The effect ſhewrt 


Of eleArified ſolutions in the conſequent cryſtallizations—The 


EEE genus, 
| fhewn and explained, * | . VNV“ 
Lect. II. On the laws of motion and tha of 
forces, with the doctrine of centripetal and centrifugal powers, 
Leer, III. Mechanical powers illuſtrated by mgghines, | 


Lor. IV. The mechanical power of the animal economy | | 


as muſcular action The powers of the heart—The theories of - 
Borelli, Lower, Bellini, Harvey, Keil, Hales, and Wilſon ex- 
amined, and the great utility of a mechanical knowledge to the 
Hun + Hs ! in a OY! of caſes. 


* 


orrics. 


1 v. or the proper of night, and the aocuine of 


be priſm. 4 


| Lzcr. VI. Of lenſes and attire HCA. bs : 


and infleAtion, ſhewn to moſt probably depend on & certain ar- 


rangement of the ſmaller particles of matter, and not from 


=therial atmoſpheres, as Newton conjeftured. 2 
Lxcr. VII. Of the eye— The denſities of the different me- 
dia determined on bydroſtatical principles The decuſſated ſtruc- 
ture of the cornea of thoſe inſects that are deprived of any ro- 
tary motion of the head, hence enabled to ſee all around 
The loricated ſtate of chis part in birds ſhewn to be admirably 


_ calculated for viewing objects in the diſſerent atrial media in 
| which they are neee uſe of the aqueous humour 


"00 NP — of the 6g nn itfelf ſo as 
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to ahh Sinks an Sat intenſity of light—The e dalle e 0 4 
lens—fts laminated ſtate, conſiſting of ſtrata of different denſi:- by 
ies, ſhewn to be admirably contrived for correQting che aber. 
tion of the rays of light—The different convexities of its dif- : 
| ferent ſides, the actual fibrous appearance that can be ſhewn? | i | 1 
render it probable that the power of the eye, in accom modatirig | 55 : 
itſelf to objects at different diſtances, is veſted in this lens—Geo- 933 
metrically derzonftrated that it cannot be in the cornea, and 
that the ciliary zone ſeems calculated by occafional contraftion' i 
to prevent any corrugation of the ſurrbunding capſule, when 2X 
the ſurface of the lens is-diminiſhed on account of its aſſuming 
2 more ſpherical form—Th fibrillated tefture of the retina 
ſhewn, and the remarkable colnelilines of theſe del icately-formed | 
| fibres with reſpect to the angles the leaſt viſible objedts ſubtend— | 


E, 
= 
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The theories of Kepler; Des Cartes, Newton, Le Cat, De la —— 

. Hire, N Smith, Porterfeld, Reid, CE and Home } Po : 
ſcopes—The method of arranging the glaſſes; calculating their 
power, and preparing objects; and how the preſent firufture 

x might be improved—Of rofrating, achromatic; and ng 4 ; 

Of many option . GD oh 4 

1 

| PNEUMATICS , pepnobTATICS AND ron. - & 

| Leen. IX. An examination into the different gaſes, as fat | : 1 

as relates to experimental philoſophy——Their prone, dif- | » 

| bent gravity IOW, _ 3 5 1 8 | 
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( 186 ) 


Laer. x. On ſound—Why i its propagation exceeds thirteen 
times the Se 7 of the moſt violent wind—Shewn to ariſe. 
from no other change of place i in the acnal particles, than their 


F tremulous actions and re-ations—The effect of an undulatory 5 
percuſſion on the auditory organ — The admirably contrived 


ſtructure of the exterior portion of the ear The analogy be- 
tween the membrana tympani and the cryſtalline ſhewn—The | 


The mechanical adyantage derived from the officula, not only _ 
8 determining the action to the membrana feneſtræ ovalis, but : 
acting as ſo many levers increafing its powers Euſtachian tube, 

formed for preſerving a proper tenſion of the membrana tym- 
pani— The labyrinth The aqueous fluid with which it is replete, 


producing an extenſive impreſſion on the nervous expanſion with 
which it is lined—lts greater ſenſibility than the retina ſhewn: 
by its Going, In. a given time, a . number of im- 


e 


Lcr. XI. n — The tC £1250 


1 ſhewn by Newton ſabſiſting between its divifion. and” the priſ- 
matic decompoſition Of the nature of ſonorous bodies—Of 


the production of muſical ſounds, conſonances, and diſſonances 


Ehe Galilzan compariſon of the vibrations of a muſical ftring 
with thoſe of a pendulum—On echoes, whiſperin g galleries, &c. 


Lr. XII. On the weight of the atmoſphere, ſhewn by the 
air pays with a variety of miſcellaneous  experiments—T he 


baronietes , pumps, fire engines, condenſi ing machines, Ke. 


Lecr. XIII. Of fluidity—The action of fluids on bodies 
immerſed i in them—The method of eftimating their ſpecific 


| gravities—The method at preſent adopted by ſuch means of diſ- 
| covering the proportion of a known alloy mixed with * 
| other valuable metal, thewn not to be packs. | 
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ON 187 7 . ; 
Lak XIV. On the Hydrometer—Syphon—Reciprocating 8 
| ſprings, fountains, rivers, and ſeas—Diving bell—Hook' s ex- 


plorators, winds, n Kc. 


. MAGNETISM. 9 7: . 


8 


| Leer. XV. Iron, the only ſubſtance ſafceptible of being 
: influenced by it ; others, as Nickel, Kc. being only ſo in pro- 
portion as they are combined with it— Of the action of the 
magnetic poles— How to render iron magnetic An enquiry 
into its directive powers—Of the variation, inclination, &c.— 
The hypotheſes of Halley, Whiſton, ZEpinus, Wargentin, Van 
Swinden Dalton, and Lorimer—The coincidence of the line 
of no variation with the vertex of thoſe. irradiated electrical 
emanations i in the air, called Aurora ee mag- 
| netic deceptions, | 


ELECTRICITY: 


Lect. XVI. An inveſtigation into the nature of this fluid, 
by comparing its properties with thoſe of light—Caloric, mag- 
netiſm, and the æther of Newton—Shewn to be none of theſe 
hat from ſome of its effects it may be the reſult of a binary | 
combination of light and calorio—Its preduction by the exy 
citement of various ſubſtances by the hand Its extrication by 
the contact of two bodies, or its diſengagement by the applica- 
tion of calorie, as produced by the immerſion of che tourmaline, 
topaz, &c. in boiling water. | 
Lzcr. XVII. On the confiruſtion of cleciringt n 
| The various forms in which they are made examined—A. com- 
| pariſon between the beſt cylindric forms of Nairnes, and the 
B b 2 plate 
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firudted by Mr. Cuthbertſon—On S is; it is 
advantageous to have an extenſive ſfurface—Shewn to be inju- 


rious in charging a ee the cuſhions, inſulations, 


2 


points, &c. 
: Lect. XVIII. on the Linden phial— The W of | 
Franklin, Eeles, Symner, De Luc, Bennet, Morgan, Reid, &c. 
ſhewn to be inadequate to its folytion—The various ideas re · 


ſpecting poſitive and negative ele&ricity—Cavallo's explanation 


of the repulſion between negative electrified balls unſatisfactory. 
Lge. XIX. On electroſcopes, electrometers, electrophori, 


doublers, collectors, &c 


Lgcr, XX. On been elecuicity—The phenomena 


of thunder and lightning—The theory of Lord Stanhope re- 


ſpecting the returning Stroke, and the opinion of Morgan exa- 
mined The production of fire-balls, ſhooting ftars, N orthern 


lights, comets' tails, hail, ſnow, and rain; how far dependent 
on electricity The theories of conductors, whether points or 
balls are more elgible—The opinions of Franklin and Wilſon 


Lak: XXI. An examination into the properties of the 


electric fluid in different gaſes, and the increaſe of ſome and di- 
minution of others in their bulk The production and decom- 
| poſition of water by electricity— The calcination of metals 
The beautiful appearance of the oxyds when thrown on paper 
The opinions of Van Marum—An examination whether light 
appertains to the electrie fluid, or elicited from the bodies through 
Which it 4 mean agar 10 885 in a 1 Torricellian 
vacuum. 


. 1 
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Leer. XXII. On acai and medical deGricity—The 
great ſenſibility in the muſcular fibres of ſome of the imperfe& 
animals, as frogs, &c. being thrown into action by the applica- 
tion of two different metals, on forming a connection between 
them, ſhewn to moſt probably ariſe from the different capacities 


of the metals for giving out or abſorbing electricity by the cloſe : 


contact of ſome ſubſtance, and hence the evolution may impreſs 
parts endued with the remnants of life, although its exiſtence 
not aſcertainable by the moſt delicate elefroſcopes—This ren- 
dered probable by ſhewing that the muſcles of a frog are thrown 


into action at a much greater diftance from an excited machine, 


than any electroſcope- That it is not fimilar to the torpedo, 
gymnotus,. or filurus—Theſe electric organs examined. Hour 


probably the electricity may be generated, and how evolved— 
Why theſe animals, however irritated, never throw themſelves 
into a ſtate for its accumulation, till a previous circuit is formed 
—The theories of Galyani, Valli, Monro, and Fowler exa- 


mined—The effects of a: on an * body medically 
tonſidered. | 


ASTRONOMY. 


* Leer, XXIII. The fituation and fize of the ſun, and his 


55 double motions—The faculz that appear on his diſk—The pri- 


mary and ſecondary planets, their orders, revolutions, magni- 
tudes, and diſtances, with their ns graritauing power 
explained, | 


Lect. XXIV. The fituation of the earth, and its triplicate 


motion — The difference of ſeaſons— The moon and her various 


phaſes explained. 


LECT. | 
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Ixcr. XXV. The method of calculating ſolar and lunar 
eclipſes—Tranſits of the inferior planets An examination into 
de various ideas of fanciful aſtrologers reſpecting planetary in- 
fluence, how fad fuch a power may probably exiſt The wonder- 
4s am rs: ap &e. . 


i 
7 


Thee Lectures are ufrated by a great variety of Philoſophical 

Aud Aftronomical Infiruments: other particulars may be knows 

D application to Mr. Wilkinſon. , Perſons preferring private zh 
 inftruftions in any of the above ſciences may receive n by als 
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"NOW. - 


In the algebraical demonſtrations, I have not thought 
any illuſtrative figures were requiſite; they could not be 
neceſſary to the mathematical reader, nor of any uſe to 
one unacquainted with the principles of geometry. It 
may be proper to obſerve, that in the aſcertainment of 
the centres of gravity and percuſſion, AB is ſuppoſed in 
both to be the length of the cylinder, and E F the dia- 
meter of the circular end. In order to determine the 
ſtrength of a cylinder, it is ſuppoſed one end A faſtened 
to a block CD, and a weight DW a&ing on the other 
end B, the weight increaſed till the eylinder is broke: 
the tranſverſe ſection is expreſſed by ERG, which muſt 
be ſubſtituted for abc, which by miſtake was s placed as 
expreſſing the tranſverſe ſection. | 

In the demonſtrations of the ſpine, wy not being of 
a ſerpentine form, only the points of inflection and re- 
trogreſſion are particulariſed. | 

In the calculation of the powers of birds the decimal 
has been omitted; inſtead of a cubic foot of air weigh- 
ing 12 ounces, it ſhould be expreſſed 1. 2 ounces, = | 
ukiniately the ſum of the powers 200lb, 
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